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PREFACE 


Work covered by Marketing Research Report 529, “Handling Florida 
Oranges in Pallet Boxes,” was continued and is reported here. This study was 
conducted as part, of a cooperative research program by the Agricultural 
Research Service, U.S. Department of Agriculture, and the Florida Agricul- 
tural Experiment Stations, Institute of Food and Agricultural Sciences of the 
University of Florida. It was under the general supervision of the following 
persons : Joseph F, Herrick, Jr., investigations leader, Handling and Facilities 
Research Branch, Transportation and Facilities Research Division, and Jordan 
Levin, investigations leader, Harvesting and Farm Processing Research Branch, 
Agricultural Engineering Research Division, U.S. Department of Agriculture; 
and K. R. Tefertiller, chairman, Department of Agricultural Economics, D. T. 
Kinard, Department of Agricultural Engineering, and II. J, Reitz, head, Citrus 
Experiment Station, University of Florida. 

As production of citrus fruit expands and labor rates increase, there will 
naturally be greater concern regarding cost and other aspects of modernizing 
various handling systems. 

Appreciation is expressed especially to Adams Packing Association, Inc., 
Brooksville Citrus Growers Association, Golden Gem Growers, Inc., Haines 
City Citrus Growers Association, Lake Region Packing Association, Lake Wales 
Oitrus Growers Association, Inc., and Spada Fruit Sales Agency, Inc., for 
malting their operations available for this research. To a lessor extent, many 
other firms also made their operations available, and since it is not practical to 
acknowledge them individually, appreciation is expressed to the Florida Fresh 
Citrus Shippers Association for the cooperation of the industry as a whole. 

Information furnished by American Machinery Corporation, Petersen 
Industrial Machines, and Vernon E, Ramsey, Inc., is gratefully acknowledged. 
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MODERNIZING HANDLING SYSTEMS 
FOR FLORIDA CITRUS 
FROM PICKING TO PACKING LINE 


By Haul K. Bowman, industrial engineer. Transportation and Facilities Research Division, Agricultural Research 
Sm'vicc; A, II. Sptjulook, agricultural economist, Agricultural Economics Department , University of Florida; Scon? 
Hedden, agricultural engineer, Agricultural Engincci'ing Research Division, Agricultural Research Service; nntl 
Wilt jam Grierson, horticulturist, Citrus Eaperiment Station, Florida Agricultural Experiment Stations 


SUMMARY 


The purpose of this study is to provide costs, 
labor and equipment requirements, and various 
engineering-economic data for use in planning im- 
proved systems for handling citrus from picking 
to packing lino. Four systems are described and 
compared. 

The full-bulk system offers annual savings of 
$4:6,000 over the Hold-box system for a volume of 
600,000 field boxes. A major construction pro- 
gram is required to change to this system from 
existing field-box facilities. 

Possiblo savings with the pallet-box system over 
tlio field-box system, based on data from full-scale 
commercial operations, aro shown to be greater 
than reported previously from experimental oper- 
ations. Annual savings up to $40,000, 'based on 
1907 costs, are indicated for the same volume as 
the full-bulk system. Usually the easiest, although 
not necessarily the best, way to modernize a field- 
box system will bo conversion to a pallet-box sys- 
tem using existing facilities to the greatest extent 
possiblo. 

The modified-bulk system shows essentially the 
samo savings potential as the pallet-box system. 
To change to this system from a field-box system 
entails less extensive facility construction than for 
the full-bulk system since the bins are not re- 
quired; however, the side-sloping driveway and 
unloading stations aro the same for the full-bulk 
and modified-bulk systems. 

Savings shown for these last two systems do not 
include pregrading and presizing, which can be 
conveniently incorporated in each system. Both 
these systems can use the same grove and trans- 


port equipment for moving fruit to either the 
packinghouse or the processing plant. 

Booin-typo lift equipment lias been chosen in- 
stead of the tractor forklift for pallet-box sys- 
tems by a large proportion of fresh-citrus firms, 
It requires several boom-lift goat ti'uclcs equiva- 
lent to the number of tractor forklifts and flatbed 
goat trucks combined for comparable capacity. 
The number of operators and the cost per box are 
essentially the samo for pallet-box systems 
whether boom-type lift or tractor forklift equip- 
ment is used. The choice is, therefore, dependent on 
a combination of factors, some of which may be 
difficult to define clearly. Apparently multiuse 
adaptability — handling fresh fruit and fruit for 
processing with the same equipment— and greater 
hauling capacity for a lift-equipped goat truck 
than a tractor forklift unit have been important 
considerations in choosing equipment. 

Stresses induced in a box differ when gripped 
and lifted by the top instead of by the bottom with 
forklift equipment. Whether this is significant in 
box maintenance and useful life is not known, but 
it is evident that the sides must be securely at- 
tached to a sufficiently rigid pallet base for top 
lifting. In addition, each firm should consider its 
own particular conditions, such as possible dif- 
ferences in fruit injury or requirements of grove 
terrain and soil as related to the types of lift equip- 
ment and containers. 

The slatted, metal-bound, wood pallet boxes, 
mass-produced by box manufacturers and used 
predominantly in Florida fresh-citrus operations, 
have performed well relative to their cost. Well- 
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made plywood pallet boxes have recently become 
available in the Florida citrus area. Maintenance 
costs and useful life for the two types of box con- 
st ruction can be compared as sufficient experience 
is gained. 

The latest type of grove- to -packinghouse trans- 
port in the pallet-box system in Florida is the 


straddle trailer. Data on this equipment indicate a 
potential savings over flatbed semitrailers when 
the one-way haul is less than 11 miles. At 5 miles 
the savings would be about 2.8 cents per field-box 
equivalent. Scheduling must be accurate for each 
unit in use to eliminate delay such as waiting for 
fruit at a pickup point, 


INTRODUCTION 


For many years wooden field boxes were used 
exclusively by the Florida citrus industry to han- 
dle citrus fruit from the picker to the packing line. 
The field-box system has been essentially uniform 
since 1875 (4). 1 

However, in recent years changes have taken 
place and other systems have been adopted either 
partially or entirely. The effects of the field-box 
system are still far reaching. The dimensions and 
volumetric capacity of the field box have long 
been included in Florida citrus fruit laws 601.86. 
Each of the two compartments in a field box, 
formed by a partition prescribed in the statutes, 
is specified as having a volume of 2,400 cubic 
inches, or a total volume of 4,800 cubic inches for 
one field box. This legal volume of 4,800 cubic 
inches, or approximately 2.23 bushels, is measured 
to the top of the side slats, not level with the top 
of the handles. 

Development of equipment and methods that 
work easily and effectively with the field box was 
encouraged for many years by the stability in 
size and configuration of the box resulting from 
the statutes. Grove trucks, over-the-road transport 
equipment, handling equipment at the packing- 
house, structure and arrangement of the packing- 
house receiving facilities, and degreening-room 
design and layout all have been greatly influenced 
by this container. Sheds for storing the empty 
boxes have been constructed at most packing- 
houses. Within the packinghouse, conveyors suit- 
able for moving stacked field boxes to the dumping 
point, machines for automatically dumping the 
fruit from the boxes onto packing-line entry con- 
veyors, and conveyors for taking empty boxes 
away and delivering them to a storage shed or 

1 Italic numbers in parentheses refer to Literature 
Cited, p. 43. 


outside loading point all have been especially 
designed and arranged for the field box ( 3 ) . 

The field box has served the industry well. ITow- 
ever, workers no longer can be expected to handle 
a 105- to 110-pouncl filled container. Expecting 
them to do so, particularly many times daily, not 
only entails excessive manual labor incompatible 
with modern concepts but also makes the entire 
harvesting and packing operation dependent on the 
stability of a few strong-backed individuals. 
Furthermore, extensive experience has shown that 
the useful life of a field box is relatively short 
and the maintenance cost is relatively high. 

Research was conducted on a bulk-handling sys- 
tem suitable for fresh fruit in ft cooperative effort 
of the Citrus Experiment Station of the Florida 
Agricultural Experiment Stations and the U.S. 
Department of Agriculture from 1948 to 1954. 
The research resulted in the development of a 
system for bulk handling oranges and grapefruit 
for the fresh- fruit market from the picker to the 
packing line ( 11 ). This system was similar to that 
already accepted for bulk handling of fruit for 
processing. Although fruit for fresh use was usu- 
ally handled differently in the grove to reduce 
possible injury, it was transported from the grove 
to the packinghouse in bulk in large semitrailers. 
Normally fruit for fresh use was not loaded to 
as great a depth in the semitrailer, however, as 
fruit for the processing plant. The unloading op- 
eration was also different. The entire operation 
was made possible by developing fabric-baffled 
bulk bins for fresh fruit. 

Frozen orange juice concentrate, which was de- 
veloped to a marketable stage about 1947, found 
such acceptance Nvith consumers that the quantity 
of oranges marketed in processed form increased 
substantially year after year. Meanwhile the 
quantity of Florida oranges for fresh consump- 
tion remained relatively constant for about 10 
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years and then declined. Today 85 to 00 percent 
of tlie oranges are processed. On the other hand, 
about 40 percent of the grapefruit in Florida arc 
marketed “fresh.” Prior to the development of 
frozen orange juice concentrate, the processing in- 
dustry used fruit diverted from the fresh-fruit 
packing operations. Total annual production of 
oranges in Florida has increased from 58.5 to 
144.5 million boxes and for grapefruit from 24.2 
to 43.6 million boxes from 1949-50 to 1966-67 (7). 

The bulk system for handling fresh fruit was 
adopted by some fresh-citrus firms and made pos- 
sible a substantial saving in labor. However, this 
system required new, specialized equipment in the 
grove and a special facility at the packinghouse, 
including conveyors and vertical elevators for 
receiving the fruit in bulk and provisions for de- 
greening in clotli-baflicd bins, holding an equiva- 
lent of 100 to 250 boxes of fruit each. By 1958 
the adoption of this system, to be referred to as 
the full-bulk system, was still rather limited, 
principally because of an almost universal reluc- 
tanco to abandon the custom of keeping lots sepa- 
rate from different groves, growers, or contracts. 

To provide an alternate approach to moderniza- 
tion, cooperative research by the Florida Citrus 
Experiment Station and the U.S. Department of 
Agriculture was renewed, this time on developing 
a pallet-box system. The effective elate of the 
memorandum of agreement for this research was 
July 1, 1959. After several seasons of work, which 
included operation of an experimental pallet-box 
system in collaboration with a commercial citrus 
firm, findings were presented in an interim report 
(4). It indicated potential worthwhile savings 
with a pallet-box system as compared to the field- 
box system. The boxes that were especially pro- 


cured for this research, the equipment for handling 
them, and the experimental operation have been 
described in this earlier publication (4). 

During this time the purpose of the research was 
(1) to obtain information on the practicability of 
pallet boxes for handling fresh citrus from the 
picker to the packing line and (2) to develop and 
present comparative data on fruit injury and costs 
for the pallet-box and field-box systems. 

In 1961 citrus firms 2 began to make full-scale 
use of the pallet-box system for handling citrus 
for fresh use from the picker to the packing line, 
and its practicability was confirmed in a relatively 
short time. Each succeeding year additional firms 
have accepted pallet boxes for fresh-fruit han- 
dling. However, their use has varied. For exam- 
ple, boom-type equipment for lifting and handling 
the pallet boxes at the grove has been introduced. 
It is another way of performing the operations 
for which a tractor forklift was used both in the 
research period and by the commercial firm that 
installed the first full-scale pallet-box system. 

More recently other firms have been using a 
combination of the bulk and pallet-box systems. 
Bulk methods are used in the grove and in trans- 
port to the packinghouse, where during the de- 
greening season fruit is placed in pallet boxes. 
Succeeding steps are then essentially the same as 
for a regular pallet-box system. 

As the newer pallet boxes became available, box 
suppliers arranged to lease them. This permits a 
user to obtain boxes without capital outlay and to 
use them without having repairs made by his own 
organization. The relationship between lease cost 
at a given time and cost of purchasing and 
maintaining boxes must be considered for each 
situation. 


PURPOSE AND METHOD OF STUDY 


With the advent of commercial-scale pallet-box 
operations, labor and equipment values and other 
data from the experimental period were reexam- 
ined free from the characteristic effects of unskilled 
operators of new equipment, Also data woie col- 
lected on additional kinds and combinations of 
equipment not previously available for study foi 
use in planning improved systems for handling 
citrus from picking to packing line. 

Degreening rooms have been designed specifi- 


cally for pallet-box use. Mechanical unstacking 
and stacking units for pallet boxes facilitate 
dumping and reduce the demands on the foiklift 
operation. 

Comparative costs and supplemental informa- 
tion are provided in this report for the field-box, 
the full-bulk, the pallet-box, and the modified-bulk 
systems currently in use, 


a Include corporations, cooperatives, and grower-packers. 
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Productive-time requirements for labor and 
equipment were developed from time-study data 
using recognized techniques. For the field-box 
system, data from earlier work 3 ( 13 ) were used 
extensively and compared with time-study data 
obtained more recently on the same operations. 
The data used in connection with the other systems 
came from work done since the interim report (If.) 
was published. 

Injury tests were not conducted on oranges dur- 
ing later work mainly concerned with commercial 
operations. Commercial conditions present many 
difficulties relative to the necessary sampling and 
special arrangements needed for valid compari- 
sons. Variation between firms may exceed varia- 
tion due to systems. However, all systems are used 
by established firms that market fruit through nor- 
mal channels, For so-called “tender fruit,” the 
injury effect was observed partly near the end of 
the earlier period of work on pallet-box handling 
and partly during the 1963-64 season. 

Partitions were made for a few pallet boxes 
originally designed for oranges and grapefruit to 
divide them into four equal compartments of full 
depth for testing pallet-box handling treatment on 
tangerines. 

Fruit was handled from the picker to the pack- 
inghouse, as in a commercial operation, and placed 
in separate compartments at depths of 18, 22, and 
26 inches. Field boxes of tangerines, handled as 
part of each load, were included in the tests to pro- 
vide the reference or control data. 

Pallet boxes without partitions were also tested, 
Tliey were filled with tangerines to a depth of 
approximately 26 inches, as is normally done for 
oranges and grapefruit. The filled pallet boxes 
stacked two high and field boxes of tangerines 


stacked four high on a truck were hauled approxi- 
mately 10 miles on rough country roads and 10 
miles on paved roads. Standard decay tests were 
conducted by the Florida Citrus Experiment Sta- 
tion on samples of fruit from these tests. 

Approximate costs were developed to compare 
the four systems of fresh-fruit handling in cur- 
rent use. These costs covered activities from tree 
to packing line, including picking, loading, haul- 
ing, unloading, presizing where feasible, degreen - 
ing, and dumping, 

Labor and machine input values, determined by 
time-study or work-sampling techniques, were 
utilized. In some instances these data were taken 
from earlier research (4, II, /#). The equipment 
required for each system at three weekly output 
rates was determined, and the annual fixed cost 
was calculated independent of the hours of use per 
year. Fixed costs included depreciation, licenses* 
insurance, taxes, and interest on equipment using 
1967 values. For each weekly output rate, per-box 
costs for equipment were computed at several an- 
nual volumes. 

Direct costs included those items directly asso- 
ciated with operating expenses, such as fuel and 
lubricants, electric power, maintenance, and 
repairs. 

Tlie labor and equipment requirements were used 
with 1967 wages and prices to determine operat- 
ing costs. 

Annual fixed costs for equipment and direct 
operating costs for labor and equipment were cal- 
culated for weekly output rates of 8,000, 16,000* 
and 24,000 field-box equivalents and applied to an- 
nual volumes of 100,000 to 700,000 boxes to obtain 
a total cost per box. 


FIELD-BOX SYSTEM 


Description 

The field-box system is the benchmark with 
which costs for the other systems are compared. 

3 Thor, E. the application of economic-engineering 
RESEARCH TECHNIQUES in planning of fruit and vegetable 
PACKING PLANTS WITH SPECIAL REFERENCE TO FLORIDA CITRUS 

1050 . [Unpublished doctor's dissertation. Copy on tile? 
Kept, of Agr. Econ*. Univ. of Calif., Berkeley.] 


A flow chart of this system is shown in figure 1* 
and the activities in the chart are summarized in 
table 22 (appendix). 

Out of season the empty field boxes are stored 
in a shed constructed for the purpose. In season 
they are moved to the grove, usually on flatbed 
semitrailers. Where investment is limited or travel 
distance is short, the boxes may be transported ori 
legular trucks. The semitrailer loaded with empty 
boxes is moved to a transfer point near the grove, 
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FOR USE 
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PICKED INTO 
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LOADED ONTO 
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TO SEMITRAILER 


LOADED ONTO 
SEMITRAILER 


ON SEMITRAILER 
READY FOR TRACTOR 

TO PACKINGHOUSE 
360 FIELD BOXES 


ON SEMITRAILER 
U READY FOR RECEIVING 

PICKED UP WITH TWO- 
') WHEEL HAND-CLAMP 
J TRUCK 

TO DEGREENING 
ROOM 


PLACED IN ROOM 

■ ACCUMULATE FOR 

DEGREENED^/O W PACKING LINE , NO 
^ J DEGREENING 
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PICKED UP 


n TO BOX DUMPER 


SET ON DUMPER 
CONVEYOR 

ON DUMPER 
CONVEYOR, ADVANCE 
TO DUMPING POSITION 

DUMPED 


TO PACKING LINE 
BY CONVEYOR 


414-854. 0 — 71 2 


FIGURE 1.— Flow Chart for field-box system. 
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whore empty boxes are unloaded for movement to 
the pickers and boxes coming from the pickers are 
loaded onto the semitrailer for movement to the 
packinghouse on the return trip. 

Between the transfer point and the pickers the 
field boxes are moved on a goat truck. It is often 
only the chassis with a seat for the driver and a 
flatbed, which is a little wider than the chassis 
Some firms provide goat trucks with cabs and ad- 
ditional refinements. 

The workers who go with the goat truck are 
called loaders, and their job is the most rigorous 
physically of any in the picking-to-packing-line 
handling of citrus. Empty boxes are pushed or 
tossed from the goat truck as it is driven along the 
rows or middles” in the grove to distribute them 
near the pickers. The pickers move the boxes from 
the goat-truck route and place several together 
with sides m contact. When lus picking bag is full 
or when he has cleaned a tree, the picker walks to 
the boxes, releases the cord to open the bottom of 
the picking bag, and deposits the fruit in the boxes. 
Unless several boxes are placed together, a con- 
siderable number of fruit will fall on the ground. 

To pick up the filled boxes, the goat truck is 
t riven over the same route as when empty boxes 
were distributed. The loaders lift the filled boxes 
from the ground to the goat truck and stack them, 
usually four high. Gross weight of a field box filled 
i nut will average approximately 105 to 110 
pounds. At tlie transfer point the filled boxes are 

and ntTrt ly *** semifcmiler > one at a time, 
and are lifted again to stack them four high 

The number of boxes of fruit in a goat-truck 

load win vary depending on the size of the equip- 

“fe* 0 * trucks wil1 haul approximately 
•40 filled field boxes and the larger ones may haul 
ranjany as 60 or 70 Likewise, the sire of th/sZ' 
eis may vary, but from 325 to 360 filled field 
boxes per load is typical. Highway loads Z 
cannot exceed 8 feet in width (*) .Three rows of 

v!;Sn g fieW b ° XeS are not P os sible. The in- 

oTof fieTh f haS bCen t0 lmye a double 
wile Tht f b r SeS d ° Wn the conter alined length- 
m • !°l ding P attem is a formidable obstacle 

than r hft - tr " Ck unloadin & More empty boxes 
“ ones are usually hauled on both goat 

ti ucks and semitrailers. ** 


0 14, U.S. DEPT. OF AGRICULTURE 

The boxes of fruit may be unloaded from the 
semitrailer at the packinghouse by means of a two- 
wheel hand-clamp truck, which transports four 
boxes or one stack on each trip to the degreening 
to°m However, several packinghouses have re- 
placed hand-clamp trucks with powered lift trucks 
equipped with a clamp for handling field boxes— 
usually 16 boxes per trip. A ground-level unload- 
ing area is needed for this operation; however, if 
the degreening rooms are at dock height, transfer 
o a second lift truck at dock height is necessary. 

After flic fruit is degreened, the filled field boxes 
arc again moved by means of hand-clamp trucks 
or powered clamp-lift trucks to the dumper con- 
veyor. Tins floor-chain conveyor is geared with the 
dumper to move stacks four boxes high into the 
c umper ns needed. Fruit is dumped from the boxes 

on o a conveyor in a continuous automatic 
operation. 

Empty field boxes are ejected onto a conveyor 
train the dumping machine and are transported 
m this way to the box shed, where they are manu- 
ally stacked one at a time. Empty boxes may be 
manual y loaded directly from the conveyor bolt 
onto a semitrailer or truck for another trip to the 

g r?, Ve ', 0thenvise tlle y are loaded from the floor 
oi tiie box shed when needed again. 

Labor and Equipment 

Labor requirements for the field-box system are 
gu on m table 1. The number of pickers for a given 
wee dy output is derived from a picking rate of 

oxes per man-liour actual picking time as ft 
tan- average for oranges and grapefruit. This is 
: aS ^ don other research, as well as the study during 
1959-61 concerned primarily with pallet-box han- 
dling of fresh fruit ( 4 , 15 ). Information on pick- 
ing rates lias also been obtained from various 
firms during work related to citrus handling sys- 
tems over several years. 

f° r eman is assigned to each crew 
fi P lctGrs * Furthermore, for crew members 
wi P ac k* n £hoiise receiving foreman 

and the box-dumper operator, for each of which 
only one is allowed at all output levels, the re- 
quirements are based on results of work-sampling 
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Table 1. — Field-box system: Labor requirements for picking-to-packing-line 
handling of citrus at specified boxes per week 


Worker identity 

Workers required for — 

8,000 boxes 
per week 

16,000 boxes 
per week 

24,000 boxes 
per week 

Grove : 

Picking foreman 

1 

2 

3 

Pickers — ___ 

20 

40 

60 

Loaders 1 

6 

10 

14 

Road transport, semitrailer-tractor driver 3 -.. 

1 

2 

3 

Packinghouse: 

Receiving foreman 

1 

1 

1 

Receiving helper. _ _ 

n 

ti 

ti 

Truckers 3 - - 

*2 

*4 

*6 

Clamp-lift truck operators 4 _ 

f2 

t2 

f3 

Box-dumper operator _ 

1 

1 

1 

Empty-box handler - _ _ 

1 

2 

3 

Total: 5 

Hand-clamp truck 

33 

62 

91 

Clamp-lift truck 

34 

G1 

89 


1 Number bo sod on 2 men with goat truck, 62 boxes per goat- truck load, 304 boxes per 
semitrailer load, 2,112 feet between picking area and transfer point, and additional 350 feet 
in picking area for loading filled boxes and distributing empty boxes, 

3 Number based on 15 miles between transfer point and packinghouse Each driver has 
traotor and complement of 3 semitrailers. 

3 Number based on moving stack of 4 boxes at ft time on hand-clamp truck and 150 feet 
round trip between semitrailer and degroening room and degreening room and box-dumper 
conveyor. 

4 Number based on 16 boxes per load on powered clamp-lift truck find same travel 
distance as for hand- clamp truck. 

B Solect total depending on truck equipment used (* = hand-clamp truck; f=powercd 
clamp-lift truck). 


studies by Tlior 1 and time studies made during 
the period covered by this report. 

Manpower need in terms of number of workers 
for each activity is shown. Equipment require- 
ments arc derived essentially from worker require- 
ments because of the worker-equipment inter- 
dependence in the given operations. Information 
on the amount of equipment needed may be based 
on the number of workers and other data in table 
1. The equipment is listed in tables 13 and 14 
(appendix). 


4 Sec footnote 3, page 4. 


Special considerations arc involved where 
clamp-lift trucks are used instead of hand-clamp 
trucks, Openings for the clamp arms need to be 
made between stacks of boxes on the truck bed by a 
worker other than a clamp-lift truck operator so 
that the clamp can grasp a unit load of 12 or 16 
field boxes (fig. 2). 

When the truck is loaded for transport from 
the grove to the packinghouse, stacks of boxes 
are customarily pushed as close together as pos- 
sible. Usually there are boxes along the center 
of the truck bed, filling space between boxe 9 along 
each side. The latter are placed with outer ends 
almost flush with the edge of the truck bed. The 
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linear as shown in figure 4, Table If, (appendix) 

gives additional details of these costs. 
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I'X-UBDI 

jouhii H.—Cliu»i>-lift truck mid semitrailer at packinghouse with fruit-filled field boxes placed lengthwise in center of load. 


able 2, fiield-box system: Fotal annual fixed and direct costa for pickiny-io-jmcking-line handling of 

oranges at various weekly and annual volumes 


Weekly volume and costs 


Average cost per box for annual volume of — 


100, 000 
boxes 

200, 000 
boxes 

800, 000 
boxes 

400, 000 
boxes 

500, 000 
boxes 

COO, 000 
boxes 

700, 000 
boxes 

5,000 boxes 








ixed 

... $0.1700 

$0. 0895 

(i) 





iroct _ 

.4069 

. 4009 

o 












Total 

.0409 

. 5504 

( i ) 












10 t 000 boxes 








Lxed- 

. 3437 

. 1718 

$0. 1145 

$0. 0859 

ISO. 0687 

o> 


irect 

.4550 

. 4550 

. 4550 

. 4550 

. 4550 

C 1 ) 


Total 

.7087 

. 6208 

. 5095 

. 5409 

. 5287 

( i ) 


24,000 boxes 








ixed „ . 

.5085 

. 254:2 

. 1695 

. 1271 

. 1017 

$0. 0847 

$0. 0726 

irect- 

.4600 

. 4600 

. 4000 

, 4600 

. 4600 

. 4600 

. 4600 

Total 

. 9685 

. 7142 

. 6205 

. 5871 

. 5617 

. 5447 

. 5320 


1 Maximum that can bo handled annually is less than this volume. 
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FULL-BULK SYSTEM 


Description 

In the full-bulk system, which has been de- 
scribed in earlier reports ( 10 , 14 ) ) no individual 
containers are moved back and forth between the 
picker and the packinghouse. Two-wheel carts 
drawn by tractors arc used in the grove as con- 
tainers into which the pickers empty fruit from 
picking bags and in which the fruit is transported 
from the picking area to the transfer point. The 
carts have a capacity equivalent to 25 field 'boxes. 
Instead of a flatbed semitrailer, a bulk semitrailer 
with side boards and end gate is used. A flow chart 
for the system is shown in figure 5, and the activi- 
ties in the chart are summarized in table 23 (ap- 
pendix) . 

At the transfer point a specially constructed 
mobile elevator is used for transferring fruit from 
the two- wheel cart to the bulk semitrailer (fig* 6). 
Fruit pours from the rear end of the cart by grav- 
ity when the end gate is opened and the cart is 
raised at the other end by the drawbar lift mecha- 
nism of the tractor. 

In handling fruit for the fresh market, a bulk 
semitrailer usually hauls a load equivalent to 
about 325 field boxes. Prosser efc ah ( 11 ) advised 
carrying only 320 boxes when handling fresh fruit 
in a bulk semitrailer to reduce damage from sheer 
weight of the fruit, although the full-load capac- 
ity available when hauling fruit for processing 
was 420 boxes. As a general rule, no more than 10 
boxes per foot of trailer length should be carried, 
and damage can be minimized by loading this with 
an “angled” chute (fig*. 7), which insures an al- 
most flat load. 

At the packinghouse a sloping driveway tilts the 
semitrailer toward one side so that fruit will pour 
out when doors along the bottom of that side are 
opened, Removable plates resting on the conveyor 
framework are pushed into contact with the side 
of the trailer directing the fruit onto the conveyor, 
which runs parallel with the driveway. For opti- 
mum cost effect the conveyor system should in- 
clude a presizer and a pregrading station. 

After this horizontal movement, bucket eleva- 


tors carry the fruit to tlie top of the special bin 
structure, one of the primary and distinctive com- 
ponents of the full-bulk system (tf, 11 ) . Horizontal 
conveyors move the fruit to any given bin, where 
it is diverted from the belt for gravity flow into 
the bin. A bailie system in each bin protects the 
fruit against mechanical injury when filling the 
bin. The bin bottom slopes so that when doors are 
opened the fruit will flow out by gravity to a con- 
veyor, which moves it to the packing-lino entry 
point. 

The special bins include steam radiators, air 
ducts, humidifiers, and fans for supplying warm 
air as required, together with equipment for add- 
ing ethylene gas for degreening in these bulk bins. 

Labor and Equipment 

Labor requirements for the full-bulk system are 
shown in table 3. The number of pickers for a 
given output per week is derived from a picking 
rate of 10 boxes per man-hour as explained for 
the field-box system. 

One picking* foreman is assigned to each crew as 
for the other three systems. The manpower re- 
quirements for grove tractor drivers and semi- 
trailer drivers are based on time-study data 
obtained during this study. For the receiving fore- 
man and operators of the bulk bin-to-packing-line 
supply, the relationships are based on long ex- 
perience of a representative firm and the physical 
arrangement of its facilities. 

Equipment requirements are based on the num- 
ber of workers and other data in table 3. The equip- 
ment is listed in tables 13 and 13 (appendix), 

A unique feature of this system is provision for 
presizing and pregrading fruit before degreening. 
The necessary machinery for presizing is built into 
the conveyor line that moves fruit to the bins. 

Pregrading also requires additional machinery 
on the conveyor line in the form of a grading table, 
but it requires the attention and hands of people. 
Thus labor requirements are greater with p regrad- 
ing — normally two workers and possibly four de- 
pending* on the condition and desired rate of flow 
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SEMITRAILER 

(BULK) 


TWO-WHEEL 

CART 


r 


) PLACED WITH LOAOER 


IPLACED FOR PICKER'S USE 


ij. TO GROVE 



LEGEND 
O OPERATION 
U TRANSPORTATION 

□ delay 

V STORAGE ( T . TEMPORARY ) 

□ inspection ' 

— ALTERNATE METHOD 


FRUIT 

O PICKED INTO 0AG 


TO TWO -WHEEL CART 


INTO CART 


IN CART READY FOR 
TOW TRACTOR 

LOAD COUPLED TO 
TOW TRACTOR 


TO BULK SEMITRAILER 


PLACED FOR UNLOADING 


UNLOADED BY VERTICAL 
ELEVATOR INTO SEMITRAILER 

IN SEMITRAILER READY 
FOR TRACTOR 


P “ chart for full-bulk 


TO PACKINGHOUSE 


IN SEMITRAILER READY 
FOR RECEIVING 

UNLOADED, GRAVITY FLOW 
ONTO BELT CONVEYOR 

TO PRESIZER ON CONVEYOR 


PRESIZED 

TO PREGRADING 
ON CONVEYOR 

PREGRADED 

TO BIN (CONVEYOR-VERTICAL 
ELEVATOR-CONVEYOR ) 

J!_ ? ACCUMULATE FOR 
\T/ PACKING LINE, NO 
J DEGREENING 

BIN TO CONVEYOR, 
REGULATED GRAVITY FLOW 

TO PACKING LINE BY 
CONVEYOR 


system. 
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Table 3. — Full-bulk system: Labor requirements for picking-to-packing-line 
handling of citrus at specified boxes per week 


Workers required for — 

Worker identity — — - — — — — — — — — 

8,000 boxes 16,000 boxes 24,000 boxes 
per week per week per week 


Grove : 

Picking foreman 1 2 

Pickers- 20 40 

Tractor drivers > .. 3 0 

Road transport, semi trailer- tractor driver 2 1 2 

Packinghouse; 

Receiving foreman 1 1 

Receiving operator 1 1 

Operators, bin-to-packing-line supply 2 2 


3 

60 

0 

3 

1 

1 

2 


Total 


29 54 79 


1 Number based on towing 1 cart at a time to and from transfer point, 25 field-box 
equivalents per load, 2,112 feet between picking area and transfer point, and additional 600 
feet for moving carts in grove, 

2 Number based on 15 miles between transfer point and packinghouse and 325 field-box 
equivalents per load in 34-foot semitrailer. Each driver has tractor and complement of 3 
semitrailers. 



TN-ISOS 

Eiouke G. — Mobile bucket elevator beside bulk semitrailer, 
and cart filled with fruit in place for unloading. 


of the fruit. This does not however represent extra 
labor. Somewhere between receiving “grove- run” 
fruit and shipping, all blemished fruit has to be 
removed manually. Doing this as part of the receiv- 
ing operation decreases the load on the packing- 
house machinery, increases paekout of all fruit 
handled in the packinghouse, and gets eliminated 
fruit to the cannery “grove run” rntiier than as tie- 
greened, washed, and waxed eliminations. 

Thus labor requirements in table 3 do not include 
workers for pregrading because the operation is 
not normally a part of other systems. Equality in 
comparison of costs dictates this approach. Special 
analyses can be done to include the cost of 
pregrading. 

Costs 

The average cost of handling oranges by the 
full-bulk system is shown in tabic 4. Included arc 
both fixed costs for equipment required and direct 
costs for equipment and labor. As total annual vol- 
ume increases at a given weekly output, direct 
costs remain constant for the same weekly volume. 
Since fixed costs per box decrease, total costs also 
decline. Table 17 (appendix) gives additional de- 
tails of these costs. 

The ultimate cost per box handled is dependent 
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Targe 4. — Full-bulk system: Total annual fixed and direct costs for picking-to-packing-line handling of 

oranges at various weekly and annual volumes 

Weekly volume 1 
and costs 


8,000 boxes 

Fixed. 

Direct 


Total . 5398 .47 oft ( 2 ) - 

16,000 boxes 

Fixed . 2432 .1215 $0.0810 $0.0008 $0.0486 0 

Direct .4010 .4010 .4010 .4010 .4010 ( 2 ) 

Total . 6442 .6220 .4820 .4618 .4496 ( 2 ) 

84 ,000 boxes 

Fixed . 3577 . 1788 . 1192 . 0894 . 0715 $0. 0596 $0. 0511 

Direct - .3073 .3973 .3973 ,3073 .3073 .3973 .3973 

Total 7550 .5761 ,5165 .4867 .4688 .4560 .4484 


1 Field-box equivalents. 

2 Maximum that can bo handled annually is less than this volume. 

not only on the volume but how close that volume tern offers savings of $46,000 over the helcl-box 
i;j to tlio capacity of the equipment used. Thus at system. 

an annual volume of 700,000 boxes and 24,000 Large items of expense for the bulk system were 
weekly, total costs per box were $0.1277 less than a the initial cost and tho maintenance of the de- 

similar size firm handling 200,000 boxes, but only greening bin. No provision was made for scales in 

$0.027l> less than a firm equipped to handle 200,000 costing this system. Many organizations might 

boxes annually and 8,000 weekly. find scales necessary to account for an individual 

At. 10,000 boxes weekly and 400,000 annually, grower’s fruit. Otherwise there is no way to mens- 

costs per box for the full-bulk system were $0.0791 ure fruit received by the packinghouse, such as is 

less than the field-box system. A large part of the provided by the licld-box or pallet-box system, 

saving was in the cost of field boxes, although less Changes in total cost per box with increasing an- 
labor was required for tho bulk system. At a vol- nual volume are shown for three weekly rates of 

ume of 500,000 boxes annually, the full-bulk sys- output in figure 8. 


$0. 1277 $0. 0638 (*) 

. 4121 . 4121 ( s ) 


Average cost per box for annual volume of — 

100, 000 200, 000 300, 000 400, 000 500, 000 600, 000 700, 000 

boxes boxes boxes boxes boxes boxes boxes 


PALLET-BOX SYSTEM 


Description 

The sequence of operations for the pallet-box 
system is similar to that for field boxes, as may be 
seen from the flow chart in figure 9. Activities in 
tho chart are summarized in table 24- (appendix). 
Empty boxes are stored during off-season in the 
degrecning rooms and open areas within the pack- 


inghouse as space permits because special storage 
sheds are not provided. 

Forklift trucks arc used at the packinghouse to 
load the empty pallet boxes on semitrailers or 
trucks for transport, to the transfer point near the 
grove. The boxes are usually handled in stacks of 
two when placed on the semitrailer and may be 
moved in stacks of four from the empty-box hold- 
ing area to the semitrailer loading area (fig. 10) . 



Cost per box (dollars) 


1 () 
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PALLET BOXES 


FRUIT 




IN EMPTY- BOX 
STORAGE AREA 
AT PACKINGHOUSE 

PICKED UP 


EMPTY TO 
SEMITRAILER 

SET ON 
SEMITRAILER- 


ON SEMITRAILER 
WAIT FOR TRACTOR 

TO GROVE 
36 BOXES- 360 F.B£. 


ON SEMITRAILER 
AT GROVE 

PICKED UP BY 
TRACTOR FORKLIFT 


TO PICKING AREA 
4 BOXES = 40 

PLACED FOR 


O 4 BOXES - 40 F.B.E. 
OwpiCKERS 


LEGEND 
OPERATION 
TRANSPORTATION 
DELAY 

STORAGE (T = TEMPORARY ) 

DUMPER IN UP POSITION 
B EMPTY 80X 
C FULL BOX 

F. B.E. FIELD-BOX EQUIVALENT(S) 
ALTERNATE METHOD 



EMPTY BOX 
OUT OF DUMPER 

EMPTY BOX PICKED 
UP, STACK BOXES 
TWO HIGH 

EMPTY BOX 
TO STORAGE AREA 
OR SEMITRAILER 

empty box 

PLACED 


Q PICK EO INTO 


Q 


BAG 


O T0 PALLET 
BOX 

Q INTO BOX 

D 



IN BOX READY 
FOR PICKUP 

BOXES STACKED TWO 

T high and picked up by 

TRACTOR FORKLIFT 

TO SEMITRAILER 
4 BOXES = 40 F.8.E. 


O SET ON 

SEMITRAILER 


l ON SEMITRAILER 

a READY FOR TRACTOR 


O TO PACKINGHOUSE 

36 BOXES' 360 F.B.E. 

D ON SEMITRAILER 

READY FOR RECEIVING 


PICKED UP 

TO DEGREENING 
ROOM 

PLACED IN ROOM 

’j_ AOCUMULATE FOR 

DEGREENEoV/ 0 V7 PACKING LINE . NO 
V J DEGREENING 

PICKED UP 



Qv 1 

— 



\m\I 






FT, TO BOX DUMPER 

SET ON DUMPER 
1 CONVEYOR, DESTACK 
D BOXES STACKED TWO 
HIGH 

ON DUMPER 
CONVEYOR, ADVANCE 
TO DUMPING POSITION 


DUMPED 


TO PACKING LINE 
BY CONVEYOR 


Fiounrc 9. — Flow chart for pallet>box system. 
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Fioure 10. Empty-box holding area, showing boxes stacked four high. 


At the grove transfer point, tractor- fork! i 
equipment is used by some firms. Others use 
loom type unit, which lifts the boxes from tlic to 
to transfer them from the flatbed trailer to tl : 
goat truck. 

An with field boxes, the pallet boxes must h 
ransported to the picking area, distributed to tli 
pickers, picked up after filling, transported back t 
he transfer point, and finally placed on a semi 
ailcr far delivery to the packinghouse. 

In earlier research, tractor-forklift units wit! 
ji mast and forks on both ends were used in th 
handling and movement of boxes in the picldni 

ffi™ Tn Ti Ween that arCa " lld the transfi poin 
<=• 11 ); Tlus equipment has not been used ii 
commercial installations of the pallet-box system 

fZZT i" nh 1 "."’" 1 -'' «■> industrial 

i i l “ forlil ‘ tt injunction tvitli a llatbcc 
goat truck or a flatbed goat truck on which i< 
mounted a boom-type lift. 

A further development in the flatbed goat truck 

novl ^ i r - f ° rktift ifl ,he i»staflation of 
powered drag chai.is.in the bed of the truck. The 

chams move the boxes forward from the rear 
when loading filled boxes and in the opposhl 
direction when distributing empty boxes in the 
picking area or unloading at the transfer point 
The tractor forklift and the goat truck tocher 
ansport 10 pallet boxes, or 100 field-box equiva- 
lents, when moving fully loaded between the pick- 

tho transfer point - a 8°^™* viQl 
a boom lift transports a maximum of eight pallet 


boxes, or 80 field-box equivalents, between these 
two places. 

Prevailing practice is to have 2>allefc boxes 
stacked two high on the flatbed semitrailer, with 
two rows the full length of the bed. Thus 32, 36, 
or 40 pallet boxes, depending on the length of 
the semitrailer, comprise a load. A 40- foot semi- 
trailer will accommodate a similarly arranged load 
of 40 pallet boxes. 

A straddle-trailer unit for transporting pallet 
boxes between the grove transfer point and the 
packinghouse is used by at least one large co- 
operative. The unit is essentially a semitrailer of 
special construction — a frame that permits strad- 
dling the load and powered mechanism for grip- 
ping, raising, and lowering the load. Tims far 
the load capacity lias been 32 pallet boxes, or 
equivalent to 320 standard field boxes. Its limited 
acceptance has been largely due to the custom 
of hauling a considerable proportion of the crop 
over distances too great to utilize effectively the 
quick turn around” feature of this trailer. 
Almost without exception the jmllefc boxes in 
use have a capacity equivalent to 10 field boxes. 

At the packinghouse filled boxes of fruit are 
moved from the semitrailer to the degreening room 
hy forklift trucks and then in the same manner 
from the degreening room to the pallet-box 
dumper. 

This dumping machine is essentially a unit with 
a “cradle” for holding the box. The cradle is 
poveied through a hydraulic or mechanical sys- 
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tcm by an electric motor. Two types of automatic 
control are common unci both are built into modern 
automatic dumping systems. The first is speed con- 
trol on the dump cycle. The second is a system of 
limit switches that automatically delivers full 
boxes from a powered chain. A further refinement 
is the incorporation of automatic destacker and 
restacker units. These pieces of equipment are 
worthwhile when they reduce the number of fork- 
lift trucks needed. Some dumping machines turn 
tho box completely upside down, possibly rotating 
it 360° (fig. 12). Other machines only move the 
box through an arc of approximately 120° when 
emptying the fruit from the container (fig. 13). 

The fruit may be dumped from the box into a 
water tank rather than onto a belt conveyor, 
whichever is preferred by the packinghouse. 
Water tanks are a serious decay hazard unless a 
fungicide solution approved by the U.S. Food and 
Drug Administration is used, Powered conveyors 
that move the pallet boxes into and out of the 
box dumper eliminate much of the manual work. 
Handling efficiency with this system is much 
higher than with the field-box system. 

Labor and Equipment 

Labor requirements for the pallet-box system 
arc shown in table 5. The number of pickers for 
a given output per week is derived from a picking 
rate of 1 0 boxes per man-hour as already explained. 

Each picking crew is assigned a picking fore- 
man as for the other three systems. The manpower 
requirements for tractor-forklift operator, goat- 
truck driver, and semitrailer-tractor driver are 


based on time-study data obtained during an ear- 
lier study. For the receiving foreman and pallet- 
box dumper operator, the number is based on ex- 
perience of representative firms. The number of 
forklift-truck operators is based on time-study 
data obtained during this study and earlier stand- 
ard-time data developed jointly by the Yale and 
Tow ne Co. and the Wharton School, University 
of Pennsylvania, 

More than half the firms using pallet boxes thus 
far have chosen a boom-type lift mounted on a 
flatbed goat truck for handling and transporting 
boxes in the grove (fig. 14) . One appealing feature 
lms been its multifunction capability — one unit 
can transport eight pallet boxes as well as per- 
form the necessary loading, unloading, and trans- 
ferring of the boxes. When mounted on a modified 
“hi-lift” truck body, this equipment also is readily 
adapted to the handling of bulk fruit for the 
cannery, an important consideration, since most 
firms handle both fresh and cannery fruit (fig. 
20). The boom lift can be easily adapted to han- 
dle different containers by using interchangeable 
heads or “grapples.” 

Tractor- forklift units are limited in transport 
capacity to two pallet boxes unless there is a mast 
and forks on both ends for transporting four boxes 
at a time (fig. 11). In many of the handling steps, 
however, the tractor forklift can move two boxes 
at a time, whereas tho boom-type lift, because it 
grips the top edge of the box, is limited to one 
box. For example, a forklift can place two filled 
boxes on the goat truck and transfer both filled 
and empty boxes, two at a time, at the transfer 
point. All told, there is a rather complex interplay 



r N— 1897 

FiaunE 11, — 1 Tractor-forklift unit equipped with mast and forks on both ends. 
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- icuitE 12. Pallet-box dumper rotates cradle and box 3C0° and releases fruit Into water 
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tank when box Is upside down 
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Table 5. — Pallet-box system: Labor requirements j or p ick ing-to-pack in g-l ine 
handling oj citrus at specified boxes per week 


Worker identity 

Workers required for — 

8,000 boxes 
per week 

16,000 boxes 
per week 

24,000 boxes 
per week 

Grove: 

Picking foreman 

I 

2 

3 

Pickers — 

20 

40 

60 

Tractor-forklift operator L 

1 

2 

3 

Goat-truck driver 1 

1 

2 

3 

Road transport, semitrailer-tractor driver 2 — 

1 

2 

3 

Packinghouse: 

Receiving foreman. 

1 

1 

1 

Forklift-truck operators 1 — 

2 

2 

3 

Pallet-box dumper operator 

1 

1 

1 

Total - 

28 

52 

77 


1 Number based on tractor forklift and also flatbed drag chain-equipped goat truck used 
together handling 2 boxes on tractor forklift and 8 boxes on goat truck for each trip, 100 field- 
box equivalents per load, 2,112 feet between picking area and transfer point, and additional 
350 feet in picking area for distributing empty boxes and picking up filled boxes, 

2 Number based on 15 miles between transfer point and packinghouse and 360 field-box 
equivalents per load in 36 pallet boxes on 36-foot semitrailer. Each driver has tractor and 
complement of 3 semi trailers, 

3 Number based on moving 2 boxes at a time except 4 per trip between empty-box 
holding area and loading point, 100 feet between empty-box area and loading point,, 100 
feet between unloading point and dogrccning room, and 80 feet between degreening room 
and dumper and dumper and empty-box holding area. 


of favorable and unfavorable characteristics and 
factors for each of the two kinds of equipment. 

In considering alternative choices of equipment 
such as the tractor forklift and the boom-type lift, 
the user should carefully analyze the information 
about each kind of equipment before he decides 
which one will best fit his needs. 

Data show no difference in the number of units 
required for either type of equipment. That is, 
two goat trucks with boom-type lift are required 
in lieu of a tractor forklift and flatbed goat truck 
used together. Likewise, equal manpower is re- 
quired to operate either type of equipment. A 
truck especially for transporting each tractor 
forklift between groves is ail additional unit of 
equipment that should be mentioned although not 
used directly in handling fruit (fig. 15). At least 
one firm using the pallet-box system provides such 
trucks. 

Special problems occur in groves where, because 
of a high water table, trees are grown on raised 
414-Sol O — 71 -1 


beds. These may have one row of trees per bed 
(“single bedded” or “swale system’ 5 ) 5 or as many 
as four rows of trees per bed. 

In a single-beddecl grove, typical of the Indian 
River area of Florida, the tractor forklift can be 
at a disadvantage as compared to the goat truck 
with boom lift. The pronounced slope of the 
ground down to the center of the “middle 55 causes 
the tractor forks to tilt when approaching to pick 
up boxes, whereas the boom may swing out to the 
box while the goat truck straddles the centei of 
the “middle” to avoid tilting (fig. 16) . 

The boom lift grips and lifts the box by its top, 
whereas the forklift supports it from underneath. 
Different stresses are induced in a box depending 
on which kind of equipment is used. Whether this 
actually results in a significant difference in box 
maintenance and useful life is not known. How- 


B For the swale system, the surface of the raised bed is 
are shaped rather than flat between water channels. 
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FmD “ 14, ~ BOOm '‘- Vpo lift mountcd o" flatbed goat truck for handling pallet boxes. 


otcr. it is evident tlmt the sides must be securely 
attached to a sufficiently rigid pallet base when 
the boxes are lifted by the top. 

W ith the boom lift, the boxes are not placed 
as close together because of clearance needed for 
the grapple hook. With the forklift, close stacking 
is possible. I his effect is normally noticed when 

ie *' al . ,et . lx,xes are bloused on a flatbed truck 
or semitrailer for transport. The extra 2 or 3 
inches between boxes must be taken into account 
either m the width or the length of the load de- 
pending on which way the boxes are turned for 
release on the vehicle. 

I he equipment for the pallet-box system is listed 

m tables 13 and 18 (appendix). ‘ 

The user of pallet boxes has a variety of com- 
ueicinlh made types to consider. In Florida no 
ntnis firm has yet entirely adopted either plywood 
or metal boxes. The wooden boxes that are used 

box nmipan.es using ‘•mass production” methods 

wi'mZ™' h * ° f WtKKl lmis - The .V are stand- 
• models with given options available to the 

,1 m • baser. Most of them are hound with either a 


metal strap or wire conqfietely encircling the box 
on each horizontal stay strip (fig. IT). 

The “metal-bound” wooden box with slatted 
sides and bottom is strong, durable, nnd of moder- 
ate weight and price. However, even without un- 
duly hard usage, stretching of the strap or wire 
has been noted. This condition requires repair be- 
fore too much looseness develops at the corners of 
the box. Problems can multiply rapidly when the 
jox is not held together tightly. Some of them are 
as follows : 

(1) Increased swaying of the box sides causes 
increased stress in a “vicious circle” effect, 

(2) Stacking of boxes becomes more difficult 
because looseness may allow the upper box to slip 
down inside the lower box, usually at one corner. 
Ibis brings increased stress on corner fastenings, 

mpuy to fruit, and a tilted stack that will not 
handle well. 

. stac ks frequently damage boxes when 

°rks of the handling equipment lift them* 

(V Any distorted shape of the pallet box puts 
a seme strain on the fruit with consequent 
increase m fruit damage and decay* 
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Newer pallet boxes have neither strap nor wire 
binding but are made with inside corner posts and 
U-bolt metal fastenings, which provide strength. 

Further information on strength and durability 
of pallet boxes us related to types and features of 
construction has been published by the U.S. Forest 
Products Laboratory ( 8 ). 

The dimensions of pallet boxes have varied for 
different firms as their adoption lias proceeded. 
The maximum legal width for highway trans- 
port equipment in Florida is 8 feet (#). Thus for 
two rows of boxes to stay within the 8-foot width, 
one horizontal dimension of the pallet box should 
be less than 48 inches since space between rows 
cannot be entirely eliminated. Other dimensions 
may be varied within a reasonable range, for ex- 
ample to provide for efficient utilization of space 
in existing degreening rooms. However, the height 
of the box should be kept low so the pickers can 
empty fruit from picking bags into pallet boxes 
without injuring the fruit and without undue 
physical effort in lifting, 

Pallet boxes in use by nine firms had outside 
dimensions ranging from 45% by 45% by 31% 
inches to 48 by 48 by 31 inches and corresponding 


inside dimensions ranging from 43 by 43 by 27 
inches to 45% by 45% by 2G inches. Their inside 
volume ranged from 49,923 to 53,826 cubic inches 
calculated without allowance for headspace. In 
actual use some headspace is necessary to avoid 
injury to fruit when boxes are stacked. With these 
variations in dimensions of pallet boxes, a special 
effort was made to establish a pallet-box volume 
equivalent to 10 field boxes in accordance with 
industry preferences. 

In a larger container, volume needed to provide 
fruit capacity equivalent to 10 field boxes, for ex- 
ample, is not simply 48,000 cubic inches — the exact 
multiple of field-box volume. The reason for this 
is that the density is greater in the larger container 
since there are only four bottom corners instead 
of 80 and fruit is approximately twice as deep. 

Experiments were carried out with citrus and 
full-size boxes and with marbles and scale-model 
miniature boxes, 0 These experiments resulted in 
the following recommendations : 

0 Special assignment by the Florida Fresh Citrus Ship- 
pers Association to a committee composed of William 
Grierson, Scott Hodden, and Earl K. Bowman. 



PN-1GM 


Fiouius 15 —Truck especially equipped to transport tractor-forklift unit between groves or between equipment storage, 
service headquarters, and grove areas. Fuel tank is attached to supply tractor forklift, and hand-operated pump 
(operating lever visible at right rear of cal)) is provided to pump fuel into tractor-forklift tank. 
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“A container of capacity equiva- 
lent to 10 standard field boxes shall 
have external dimensions not to ex- 
ceed $2 inches in overall height nor 

o 

47 indies in overall width and an 
internal volume to be filled with fruit 
of -13,500 cubic inches. Such con- 
tainers for fresh fruit use should 


provide a headspace above the fruit 
of at least 2 inches to minimize fruit 
damage and to facilitate stacking 
and degreening. When a headspace 
is used, tiie level equivalent to 43,500 
cubic Indies shall be clearly marked 
inside the container on all four sides 
or nil four corners.” 
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PN-190'I, PN-inoS 

Figure 17.—Pailet boxes wltli metal strap (A) and wire 
(//) girdling boxes on each stay strip. 


Using the box volume proposed by this investi- 
gation) comparable combinations of depth and 
other dimensions are shown in table 6. These 
measurements are within the external dimensions 
recommended by this investigation and compati- 
ble with the limitations on width of load for 
Florida highways. The l^-inch thickness is to 
represent slatted box sides with stay strips or 
plywood sides and a strip around the top to permit 
top lifting. 

Costs 

The average cost per field-box equivalent for 
handling oranges by the pallet-box system is shown 
in table 7. Fixed costs for equipment and direct 
operating costs for equipment and labor are given. 
Fixed costs and total costs per box decrease with 
increases in annual volume. The direct costs re- 
main constant for the same weekly volume, re- 
gardless of the total volume harvested annually. 
Table 1.0 (appendix) gives additional details of 
these costs. 

At an annual volume of 700,000 boxes and 24,000 
weekly, total costs per box were $0.1255 less than 
for a firm of the same capacity handling 200,000 
boxes annually, but were only $0.0381 less than 
for a linn handling 200,000 boxes annually and 
8,000 weekly* 

At 10,000 boxes weekly and 400,000 annually, 
costs per box for the pallet-box system were 
$0.0806 less than for the field-box system. At a vol- 
ume of 500,000 boxes annually, savings of $49,000 
are indicated for the pallet-box system over the 
field-box system. 

Cost figures are based on using tractor-forklift 
units and flatbed goat trucks (chain-conveyor bed) 
in the grove. In a modification of this system, goat 
trucks with mounted boom-type loaders arc used 
in the grove for handling filled and empty boxes 
and transporting them between tlie picking area 
and transfer point. 

Changes in total cost per box with increasing 
annual volume are shown for three weekly rates 
of output in figure 18. 
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Table 0,— Pallet-box dimensions for fruit capacity equivalent to 10 field boxes 1 


Box length and 

width (inches) 

Area 

inside 

Depth inside to provide 
volume for fruit 1 


Box depth 3 

Outside 

Inside 2 

Theoretical 

Practical 

Inside 

4 Outside 1 

48 bv 47 

47 by 47 

47 by 46 

48 by 46 

40 by 46 

45 by 44 

44 by 44 

44 by 43 

45 by 43 

43 by 43 

Square inches 

1, 980 

J r 936 

1,892 

I, 935 

J, 840 

Inches 

21. 97 

22. 47 

22. 99 

22. 48 

23. S3 

Inches 

22. 0 

22. 5 

23. 0 

22. 6 

23. 5 

Inch es 

24. 0 

24, 5 

25. 0 

24, 5 

25. 5 

Inches 

29. 0 

29. 5 

30. 0 

29. 5 

30. 5 


of fruit equal to that in 10 field boxes 
3 Baud on 1.5-inch wall thickness. 


3 Increase by 0.5 inch for boxes with inside 

4 Allows 2-inch headspace. 

5 Allows 5 Indies for pallet. 


comer posts. 


T ““ 7 ' m ' l4 “ m,m: ™ m " m ‘ f* m f, di ' ,et * P^-lo-padcimHine lumdlmg oj 

oianges at various weekly and annual volumes 


Weekly volume 1 mid costs Average cost per box for annual volume of — 



100, 000 
boxes 

200, 000 
boxes 

300, 000 
boxes 

400, 000 
boxes 

500, 000 
boxes 

000, 000 
boxes 

700, 0(H) 
boxes 

8,000 boxes 

Fixed.. . 


$0. 0059 




’ “ 



Direct 

SO, 1319 

( 2 ) 





Ti'ktol 

* . 4147 

. 4147 

( 2 ) . 


— 



1 Ouil 

16,000 boxes 

Fixed 

.5466 

. 4806 

( 2 ) . 












Direct . 

, 2369 

, 1184 

$0, 0789 

$0, 0592 . 

$0. 0473 

m 


Total 

. 3951 

. 3951 

. 3951 

. 3951 

. 3951 

\ j 
< j > 


lv , 24,000 boxes 

. 6320 

.5135 

♦ 4740 

. 4543 

. 4424 

< s ) • 






“=== 



“ 

Direct... 

. 3514 

. 1757 

. 1171 

. 0878 

n7no 



Total 

. 3923 

. 3923 

, 3923 

. 3923 

. \J t uz 

. 3923 

$0. 0585 
. 3923 

so. or, 02 

. 3023 


.7437 

. 5680 

. 5094 

. 4801 

. 4025 

. 4508 

4 

., 4425 

1 Field-box equivalent*. 

3 Maximum that can be handled 

— 

~ — 



annually is less 

than this volume. 







Cost per box 
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1.00 


0.90 


0.80 


0.70 


0 . 60 1 - 




0.50 



BOXES PER WEEK 


24.000 

16.000 

8,000 



100 


I lil t ... T ■..M.4MI 

200 300 400 500 600 

Annual volume (1,000 boxes) 


700 


X'jguhe 18, — Effect of annual volume on total cost per box for pickiog-to-packing-llne handling of citrus at three weekly 

output rates for pallet-box system. 
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MODIFIED-BULK SYSTEM 


Description 

The modified-bulk system is a blending of the 
full-bulk and the pallet-box systems, as shown by 
the flow chart in figure 19. The activities in the 
chart are summarized in table 25 (appendix). 

In the grove a bulk system is used, and fruit is 
moved from the grove to the packinghouse in bulk 
semitrailers like those used for the full-bulk sys- 
tem, Instead of the two-wheel carts in the grove, 
commercial installations of the modified-bulk sys- 
tem have used metal mesli containers, into which 
the pickers empty the fruit from their picking 
bags. These metal baskets are lifted by a boom- 
type loader, essentially the same as that described 
for the pallet boxes, which empties the fruit into 
a bulk-body goat truck (fig. 20) , 

These metal baskets are often identical to those 
used for fruit picked for the cannery. However, 
they should be constructed of tubular rather than 
angle iron framing around the top to minimize 
fruit damage, home operators when working on 
loose sand place pieces of plywood on the ground, 
on which the basket is positioned for filling, The 
bottom of the metal basket is constructed to open 
by a control from the driver's position so that the 
fruit can be emptied from the metal basket into 
the bulk-body goat truck, Another version uses 
a wide plastic tub, which is easier for the picker 
to fill. However, it has to be tipped by the hy- 
draulic hoist rather than emptied from the bot- 
tom. Interchangeable heads for the boom lift can 
be used to handle the plastic tub. The containers 
hold approximately 10 field- box equivalents of 
fruit. The bulk-body goat truck has a capacity of 
about 70 field-box equivalents per loach 
The metal baskets are replaced in the same posi- 
tion after emptying by the boom lift if more fruit 
remains to be picked from the same trees. Other- 
vise baskets may be moved to other places where 
they are needed by tiro pickers. These containers 
are not moved to and from the packinghouse as 
are the pallet boxes. 

The bulk-body goat truck is equipped with a 
powered high-lift mechanism, and one side of the 
truck is hinged so that fruit can be emptied into 
the bulk semitrailer at the transfer point, 

A “fresh fruit lii-lift” differs from a purely can- 


nery version in that the mechanism includes an 
extra set of hydraulic cylinders, which enables the 
body to be raised to any height and then tipped 
slowly, rather than being tripped by a cam at the 
maximum lift height The driver positions the 
goat truck close alongside the semitrailer and oper- 
ates controls to elevate the body to a sufficient 
height for fruit to pour out through the side open- 
ing into the semitrailer. 

Two alternate types of fresh-fruit modifications 
are used on these' “fresh fruit trailers." Either the 
side hinges down to an initial 2 feet and raises to 
4 feet as the load accumulates, or the trailer body 
has two layers of webbing baffles that cushion the 
initial fall and carry much of the weight of the 
fruit during road transit. A semitrailer load is 
normally about 325 fielcl-box equivalents of fruit. 

At the packinghouse, unloading arrangements 
essentially similar to those described for the full- 
bulk system are provided. With suitable conveyors 
and equipment, the fruit may be presized and pre- 
gradecl as for tlm full-bulk system. It is then either 
run directly onto the packinghouse lines or alter- 
nately accumulated in pallet boxes. From the point 
at which forklift equipment begins to move boxes 
to degreening rooms, the steps arc the same as for 
the pallet-box system. Box dumping and related 
steps are also the same as for the pallet-box 
system. 

One of the important advantages of the modi- 
fied-bulk system is that the incoming stream of 
fruit can be divided at the pregrader. A low per- 
centage of green fruit can be diverted to pallet- 
box degreening or the best colored fruit can be 
accumulated for a “natural color” order while the 
rest of the fruit goes directly to the packinghouse 
line. 

Photoelectric sorting equipment at the pregrad- 
ing station would eliminate additional labor for 
color sorting, and through further research and 
development tins type of equipment may be em- 
ployed to pregrade or sort out surface-defective 
fruit without manual labor, 

Empty boxes are moved by forklift trucks from 
the dumper either to a temporary holding area 
until they are needed again at the box-filling sta- 
tions or directly to the stations if they are needed 
immediately. 
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Figure 10— Flow chart for modtfiecl-bulfc system. 
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I’X-IOOC 

Fir; u hk 20.--I!nimi-ty|i(‘ lift mounted on bulk-body goat 
truck for handling fruit iu hulk after it is picked and 
put in duinp-hottoin metal mesh baskets. 

Labor and Equipment 

Labor requirements for the modified-bulk sys- 
tem are shown in table 8. The number of pickers 
is derived from a picking rate of 10 boxes per man- 
hour as for the other three systems. 

Each crew is assigned a picking foreman as for 
the other three systems. The manpower require- 
ments for bulk goat-truck drivers are based on 
time-study data obtained currently, and require- 
ments for semitrailer-tractor drivers take into 
account both current and earlier work. For the 
receiving foreman, fruit receiver, pallet-box filler 
operator, and pal let-box dumper operator, the 
number is based on experience of representative 
firms. The number of forklil't-truck operators is 
based on the time-study data obtained during this 
study and standard-time data previously developed 
jointly by the Yale and Towne Co. and the 
TV button School, University of Pennsylvania* 

The boom-lift equipment for use on a bulk goat 
truck is essentially the same as that used on a 
Hat bed goat truck except it does not have as much 
“reach ” The former costs about $1,000 less than 


the boom-lift unit on a flatbed goat truck in the 
pallet-box system. However, the “high-lift” mech- 
anism that is a part of the bulk goat truck more 
than offsets the lower cost of this boom-lift equip- 
ment and results in a higher total purchase price 
for the complete bulk goat unit than for a com- 
plete flatbed goat unit. 

Apparently a major source of motivation for 
choosing the modified-bulk system is its inter- 
changeability in handling fruit for either the 
packinghouse or the processing plant. Although 
the full-bulk system possesses equal interchange- 
ability in moving fruit from the picker to either 
the packinghouse or the processing plant, it does 
not permit as much flexibility at the packinghouse 
in keeping lots of fruit separate and dealing with 
any size lot as desired. The use of pallet boxes at 
the packinghouse in the modified-bulk system per- 
mits great flexibility. 

The modified-bulk system also offers the same 
accessibility of fruit for presizing and pregrading 
as does the full-bulk system. 

The box-filling installation is an additional in- 
vestment that is not included in the pallet-box 
system. Elaborate box-filling equipment is avail- 
able, but most packinghouses use lower cost, simple 
canvas baffles (fig. 21.) However, box-filling and 
additional box-dumping equipment would be re- 
quired in a pallet-box system to permit presiding* 
and pregrading. 

Since pallet boxes remain at the packinghouse 
in the modified-bulk system, they should have less 
wear and tear than in the pallet-box system. ITow- 
cver, such data for system costs are not available. 

Equipment for the modified-bulk system is 
listed in tables 13 and 20 (appendix) . 

Costs 

The average costs per field-box equivalent for 
handling oranges by the modified-bulk system are 
shown in table 9. Fixed costs for equipment re- 
quired and direct costs for equipment and labor 
aie included. Fixed and total costs per box de- 
crease as total annual volume increases. The direct 
costs per box at a given weekly output remain the 
same for all annual volumes. Tabic 21 (appendix) 
gives additional details of these costs. 

At an annual volume of 700,000 boxes and 24,000 
weekly, total costs per box were $0.1258 less than 
for a firm with the same capacity and 200,000 
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Table 8. — Modified-bidk system: Labor requirements jor picking-lo-packing4ine 
handling oj citrus at specified boxes per week 


Worker identity 

Workers required for — 

8,000 boxes 
per week 

1 6,000 boxes 
per week 

24,000 boxes 
per week 

Grove: 

Picking foreman 

1 

2 

3 

Pickers. 

20 

40 

60 

Bulk goat-truck driver 1 

1 

2 

3 

Road transport, semi trailer- tractor driver 2 — 

l 

2 

3 

Packinghouse: 

Receiving foreman 

1 

1 

1 

2 

Fruit receiver 

1 

I 

Pallet-box filler operator 

l 

1 

1 

Forklift-truck operators 3 — 

2 

2 

3 

1 

Pallet-box dumper operator - 

1 

1 

Total 

29 

52 

77 


1 Number based on 70 field-box equivalents per load, 2,112 feet between picking area and 
transfer point, and additional 145 feet in picking area for moving between filled baskets. 

2 Number based on 15 miles: between transfer point and packinghouse and 325 field-box 
equivalents per load. Each driver has tractor and complement of 3 semitrailers. 

3 Number based oil moving 2 boxes at a time except 4 per trip between empty-box hold- 
ing area and loading point, 100 feet between empty-box area and loading point, and 80 feet 
between box-filling sta tion and degreening room, degreening room and dumper, and dumper 
and empty-box holding area. 


Table 9 .—Modified-balk system: Total annual fixed and direct costs for picking-io-packing-line handling oj 

oranges at various weekly and annual volumes 


Weekly volume 1 and costs 


Average cost per box for annual volume of- 


100 000 200.000 300,000 400,000 500,000 600,000 700,000 

boxes boxes boxes boxes boxes boxes boxes 


8,000 boxes . . 

Fixed $0.1301 $0.0695 ( 2 ) 

DirectJII"'~I‘‘~‘-”-~ . 4219 .4210 (*) 


Total. 


5610 


. 4914 


< 2 ) 


Fixed. 


16,000 boxes 


. 2414 
3956 


1207 $0. 0804 $0. 0603 $0. 0482 

! 3956 . 3956 . 3956 . 3950 


( 2 ) 

( 3 ) 


Fixed 



.6370 

.5163 

.4760 

. 4559 

, 4438 

<•> 


Total 

— 

24,000 boxes 

.3522 

. 1761 

. 1174 

. 0880 
. 3926 

. 0704 
. 3926 

$0. 0587 

OAQfi 

$0. 0503 
. 3926 

t_- 

.3926 

. 3926 

. 3926 

. 03*0 

Total 

.7448 

. 5687 

, 5100 

. 4806 

. 4630 

. 4513 

. 4429 


1 Field-box equivalents. 

3 Maximum that can be handled annually is less than this volume. 




Fiouiib 21.— Equipment for filling pallet boxes with citrus frnif • a r„ „ I'^-mor. i-.v-ioos 



MODERNIZING HANDLING SYSTEMS FOR FLORIDA CITRUS 


33 


boxes annually, but only $0.0485 less than for a 
200,000-box volume and 8,000 weekly by a firm 
equipped to handle 200,000 boxes annually. 

At 16,000 boxes weekly and 400,000 annually, 
costs per box for the modified-'bulk system were 
$0.0850 less than for the field-box system. At a 


volume of 500,000 boxes annually, the modified- 
bulk system would save $-19,300 per year over the 
field- box system. 

Changes in the total cost per box with increas- 
ing annual volume arc shown for three weekly 
rates of output in figure 22, 


DISCUSSION AND CONCLUSIONS 


Comparative Costs 

k The systems described for picking-to-packing- 
lino handling of citrus vary in equipment, 
facilities, techniques, and crew organization or 
procedures. The equipment required for each sys- 
tem at various weekly volumes is given in tables 14, 
16, 18, and 20 (appendix). The annual fixed cost for 
each piece of equipment is shown in table 13 (ap- 
pendix). The 1967 list price for new equipment 
was used for most items to make costs for all sys- 
tems comparative. A few custom-built machines, 
such as a bucket elevator constructed on a used 
truck, deviate from this cost basis. With few ex- 
ceptions, the full cost of the equipment was 
charged to the picking-to-packing-line handling of 


fruit rather than being prorated among several 
operations, 

The cost of ethylene gas for degreening fruit 
was omitted, as it was common to all systems. 
However, the cost, of degreening rooms and labor 
equipment used in them was included, 

The comparative total costs per box for the 
four citrus-handling systems are given in table 10. 
In figure 23 the total-cost curves at various an- 
nual volumes are given for firms with a weekly 
output of 24,000 boxes. 

As shown in table 10, a comparatively small firm 
may achieve a reasonable cost if equipped for only 
a low weekly volume and if run near capacity. 
Frequently, however, equipment may be better 
utilized and cost less per box in a slightly larger 


Table 10. 


-Summary of total annual fixed and direct costs for picking-to-packing line handling of oranges 
at various weekly and annual volumes for 4 systems 


System and weekly volume (boxes) 


Field box : 

8,000 

16,000 

24.000 

Full bulk: 

8.000 

10,000 

24.000 

Pallet box: 

8.000 

16,000 

24.000 

Modified bulk: 

8.000 

16,000 

24,000 


Average cost per box for annual volume of — 


100,000 

200,000 

300,000 

400,000 

500,000 

000,000 

700,000 

boxes 

boxes 

boxes 

boxes 

boxes 

boxes 

boxes 


$0. 6459 $0, 5564 ( 2 ) 


7987 

.6268 

$0. 5695 

$0, 5409 

$0. 5237 

( 1 2 > 


9685 

. 7142 

. 6295 

.5871 

.5617 

$0. 5447 

m 5326 

5398 

. 4759 

<*) 


* 



G442 

, 5226 

. 4820 

.4618 

. 4496 

( 2 ) 


7550 

, 5761 

. 5165 

. 4867 

. 4688 

. 4509 

. 4484 

5460 

. 4806 

( 2 ) 





6320 

. 5135 

. 4740 

. 4543 

. 4424 



7437 

. 5680 

. 5094 

.4801 

, 4625 

, 4608 

. 4425 

5610 

. 4914 

( 2 ) 





0370 

. 5163 

.4760 

. 4559 

. 4438 

( s ) 


7448 

. 5687 

.5100 

. 4806 

. 4030 

. 4513 

, 4420 


1 Field-box equivalents. 

2 Maximum that can be handled annually is less than this volume. 



Cost per box (dollars) 
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BOXES PER WEEK 



24.000 

1 6.000 
8,000 



JL. L— ■— I— — — i— 1 ■! J 
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Annual volume (1,000 boxes) 


Figure 22. — Effect of annual volume on total cost for picking-to-packlng-line handling of citrus at throe weekly output 

rates for modified-bulk system. 



•I* 



1 


J hmaaL 


0 V ,00 


200 300 400 500 

Annual volume (l,000 boxes) 


600 


700 


M 23. — Comparative total costa per bo, for four ei«^stems at various annual volumes and weekly 

output of 24»(XKJ Doxes, 
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operation. To harvest 16,000 boxes per week may 
not always require twice as much equipment as for 
8,000 boxes. Costs per unit become excessive if an 
organization equipped to handle a large volume 
actually handles a small volume. 

The field-box system was the most expensive for 
handling oranges at all volumes, principally be- 
cause of the cost and the replacement or repair of 
field boxes. This system also requires more heavy 
physical labor and suitable workers are becoming 
scarce. In the other systems machinery takes over 
the heavy lifting jobs, as in loading. 

In the other three systems, the total cost per 
box was similar. The pallet-box and modified-bulk 
systems had almost identical costs and had the 
lowest per-box cost. At 700,000 boxes annually they 
were essentially the same, $0.4425 and $0.4429, re- 
spectively, and the full-bulk system $0.4484. It 
must be emphasized that these costs are for 1967 
wages and prices and do not account for possible 
further economies within the packinghouse for 
those systems permitting presizing and pregrad- 
ing °f fruit on arrival at the packinghouse, 

Equipment, Facilities, and Other 
Features 

Full-Bulk System 

To change existing packinghouse facilities from 
a field-box to a full-bulk system involves a major 
construction program to provide the bins for hold- 
ing and degreening fruit in bulk ( 10 , 1U U). 

Conveyors and vertical elevators are necessary 
to move fruit from the transport vehicle to the 
fillei openings at the top of the bins, Fans, radia- 
tor, and other units for air circulation, ventila- 
tion, humidification, temperature control, and in- 
jection of ethylene gas are needed. Normally all 
this equipment would have to be acquired because 
the equipment in old degreening rooms could sel- 
dom, if ever, be adapted to the bulk system satis- 
factorily. Converting to the full-bulk system is ex- 
pensive. Further details concerning equipment 
costs are given in table 16 (appendix) . 

It is simple to arrange for both presizing and 
presiding. of fruit b I 7 installing the necessary 
equipment m the conveyor system from the un- 
loading station (s) to the bin-filling level. Presiz- 
ing and pregrading conserve degreening space and 
thereby reduce both initial equipment cost and op- 


erating cost, not only for degreening but also for 
the packing line because fruit unsuitable for pack- 
ing has been eliminated. The amount of savings 
depends on the quantity of fruit coming from the 
grove and the amount to be packed. 

The proportion of fruit eliminated by pregrad- 
ing will normally be much greater than that by pro- 
sizing. Grierson and Oberbacher (7) indicated 
that approximately 20 percent of the grove-run 
fruit could be removed because it is “out of grade” 
for one of the following conditions: Wind scar, 
rust mite, melanose, scale, plugged, mechanical 
injury, and off-shape. 

Removal of 20 percent of the total input volume 
comprised of fruit not good enough to pack will 
directly increase by 25 percent the productivity of 
degreening facilities and the packing line up to 
the discharge end of the sorting table. 

As to fruit injury with the full-bulk system, 
Prosser et al. (11) reported that “Damage figures 
show that fruit handled correctly in bulk is dam- 
aged less than comparable fruit handled in field 
boxes,” Fruit is transferred four times in the pick- 
ing-to-packing-line handling for the full -bulk sys- 
tem (table 23, appendix). 

Pallet-Box System 

The easiest, although not necessarily the best, 
way to change from a field- box system to a more 
modern system will normally be to replace field 
boxes with pallet boxes and use existing packing- 
house facilities with the least modification possi- 
ble. Focal points on which the appraisal is based 
are as follows ; 

(1) Use of existing degreening rooms: 

(a) Flooring in rooms and other areas 
where forklift trucks are used must be sufficiently 
strong to support the combined weight of tlio 
equipment and the usual load of two pallet boxes 
of fruit. This weight may range from 6,500 to 
9,500 pounds — the lower limit reflecting a forklift 
truck rated at 2,000 pounds at 24-inch load center 
and the upper limit reflecting a similar truck of 
4,000 pounds’ capacity. 

(b) Doorways into degreening rooms 
should be large enough for the forklift truck to 
pass through easily. At least a 2-foot clearance on 
each side of the truck is desirable. Although quali- 
fied operators can handle modern forklift trucks 
in very close quarters, it is unsatisfactory to have 
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too much restriction where there are many trips 
and the passage is routine. Too much restriction 
slows down the operation, thereby raises costs, and 
materially increases the probability of an accident, 
(c) Air circulation (both fan capacity 
and air movement) must be adequate. Systems 
adequate for field boxes are often submarginal 
for pallet boxes and lead to slow, inefficient de- 
greening, low packouts, and increased decay. 

(2) Access for forklift equipment to flatbed 
trucks or semitrailers : 

Research and commercial-packinghouse ex- 
perience have shown that a ground-level paved 
area on which the forklift equipment unloads 
filled boxes from, and loads empty boxes onto, 
road transport equipment is generally more sat- 
isfactory than direct dock-to-transport vehicle 
access. 

It may be difficult sometimes to have the 
ground-level arrangement with existing facilities. 
Then, proper choice of lift-truck equipment for 
traveling over dock plates onto flatbed vehicles 
from the rear is of great importance. Further- 
more, safe and sturdy dock plates are essential. 
A wide variety of dock plates is available rang- 
ing from the portable economy-priced, simply- 
made type to those built into the dock. The latter 
may even incorporate a mechanism, which is actu- 
ated by contact of the vehicle bed to automatically 
move the plate into position. The decision can be 
made after considering the cost versus the useful- 
ness of selected types of dock plates. 

Direct access from the dock to the rear 
of flatbed vehicles presupposes that pallet boxes 
loaded onto the vehicle from the side are “four- 
way entry” unless they are suitable for clamps as 
well as forks. In general, handling systems in 
which lift trucks drive onto semitrailers are not 
advisable. 

An inclined ramp on which forklift trucks 
may travel between the packinghouse floor and 
ground level is usually advisable for unloaded 
trucks only. Normally two forklift trucks would 
be used — one at ground level moving boxes from 
the transport vehicle to the edge of the dock and 
tire other at floor level taking the boxes from the 
dock edge to the degreening room. 

If boxes of fruit have to be unloaded and 
placed temporarily on the ground to promptly 
release transport vehicles, or if empty boxes 


have to be placed on the truck or trailer, the ramp 
provides a way for the forklift truck to be moved 
outside for this activity. 

Fruit-injury findings in pallet-box experiments 
were summarized by Grierson et ah (4) as follows: 

“Biological findings must be re- 
garded as no more than tentative 
when based on a single season. How- 
ever, evidence indicates that, with 
judicious pallet-box handling, dam- 
age to fruit certainly need be no 
more than in presently used field-box 
handling and may be less, In partic- 
ular, it should be noted that oranges 
could be dumped from pallet boxes 
without significant damage. There 
is no evidence indicating that fruit 
damage can be expected to be less 
than in good bulk handling of or- 
anges. Efficient degreening appears 
to be no problem at all. The prin- 
ciples used worked so well that it 
should be possible to design larger 
pallet-box degreening rooms, using 
high stacking as is common ill decid- 
uous-fruit cold storages ” 

Such degreening rooms are now in use (5). 

Fruit is transferred twice in pieking-to-pack- 
ing-linc handling in the pallet-box system (table 
24, appendix). This is the only system discussed 
here that does not require more than two trans- 
fers, except the field-box system. 

For tangerines, charting of the decay percentage 
values from tests (fig. 28, appendix) did not re- 
veal a consistent pattern of greater injury for 
fruit handled in pallet boxes than that handled 
in field boxes. 

In the pallet-box system, pressing and pre- 
orading necessitate a greater change in opera- 
tions than in the full-bulk system. Fruit must be 
emptied from and returned to pallet boxes before 
degreening— additional operations not otherwise 
necessary. Advantages must be weighed against 
the cost of the additional forklift trucks, box- 
dumping and box-filling equipment, and person- 
nel required. 

Degreening-room design has been changed so 
that forklift trucks can be used efficiently with 
pallet boxes. Slatted floors were predominant in 



38 


MARKETING RESEARCH REPORT 9 14, U.S. DEPT. OF AGRICULTURE 


degreening rooms prior to pallet-box usage. As 
they tended to be unsatisfactory for wheels of 
forklift trucks with concentrated loads, they were 
replaced by solid floors. 

False ceilings were introduced to provide needed 
air movement with solid floors. At first the center 
air stack, which was generally used to distribute 
air from the fail, was made movable so that travel 
paths were not obstructed for forklift equipment. 
Later it was eliminated altogether ( 5 ) . 

A diagram of a degreening room is shown in 
figure 24. The design provides for straight travel 
paths without turning to reach corners, The rooms 
formed by canvas curtains provide full width 
access for forklift trucks. Improved designs for 
degreening rooms have been published ( 5 ) 6 ), 

The degreening- room ceiling normally is much 
higher for pallet boxes than for field boxes so the}' 
can be stacked by lift trucks. In some commercial 
installations pallet boxes can be stacked six high, 
although four high i9 customary in earlier facili- 
ties built to handle this container. 

Data on degreening-room space utilization were 


obtained when pallet boxes and field boxes were 
placed in the same room. Comparisons show that 
more than twice as much fruit pur square foot of 
floor space can be placed in a room in pallet boxes 
than in field boxes if pallet boxes are stacked five 
high (table 11). Degreening with pallet boxes is as 
satisfactory as with field boxes ( 4 ) . 

Design details of pallet-box dumpers may vary 
considerably. Essential components are a box 
holder, supporting frame, power source and link- 
age to operate the box holder, controls, and con- 
veyor parts for moving boxes into and out of the 
dumping unit. The degree to which the dumper is 
automatic depends on the need versus the cost for 
the control components, which probably will bo at 
least $1,100. 

The machine must bo capable of tipping the box 
through at least a 120° angle. Some commercial 
machines turn the box 360°, but only when specif- 
ically required, not because it is necessary for 
emptying the fruit from the box. 

Hydraulic systems are used predominantly in 
these machines to operate the box cradle, with an 
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Table 11. — Space utilization andjmit capacity for field boxes and pallet boxes in 
28 - by 30 -j oat degreening room with ceiling height at least 13 jeet 


Itqm 

Field boxes 1 

Pallet boxes 2 

Box placement 

10 by 25 rows stacked 
4 high. 3 

7 by 7 rows stacked 5 high. 

Floor area: 

Theoretical (boxes without spacing) _ 

745 square feet 

784 square feet. 

Actual 4 .. 

824 square feet. __ _ 

824 square feet. 

Utilization ratio, theoretical versus 

0.90 

0.95, 

actual. 4 

Fruit capacit 3 r per square foot 4 _, - 

1,20 field boxes 

2.97 field-box equivalents. 

Fruit capacity, total for room 4 

988 field boxes 

2,445 field-box equiva- 
lents. 


1 Outside dimensions: 33 by 13 by 1 4}S (height) inches. 

2 Outside dimensions: 48 by 48 by 31 (height) inches; capacity of 10 field-box equivalents. 

3 10 rows on 33-inch dimension; 25 rows on 13-inch dimension. 

4 Excluding space for air stack approximately 16 square feet. 


electric motor as the power source. A mechanical 
linkage can be used and at least one such installa- 
tion has been noted in Florida. 

A hopper and flow-regulating conveyor or other 
“anti-surge” mechanism are vital to efficient opera- 
tion of the packing line. The hopper should have 
a capacity of at least iy 2 pallet boxes of fruit so 
that the dumper can function efficiently. Without a 
hopper of greater capacity than one box, the 
dumper must slow down and regulate the flow of 
fruit. Figure 25 shows how this increases the cycle 
time of the dumper. In this example the dumping 
rate is reduced from 117 to YO pallet boxes per hour. 

Other satisfactory “anti -surge” mechanisms in- 
clude twin parallel belts, of equal capacity but un- 
equal speed, and a slow belt, the full width of the 
pallet box. The fruit is piled several layers deep on 
this belt, which moves it onto a faster belt, where 
the fruit forms a single layer to enter the packing 
line. 

The flow- regulating unit may provide for fruit 
to be dumped into water and thereby eliminate 
some possible mechanical injury. In this unit a 
water tank replaces the dry hopper. An inclined 
roller conveyor carries fruit from the water to the 
packing line, A variable speed drive controls the 
rate of flow to the line. Usually a recirculating 
pump is needed to impart motion to the water, 
which will move the fruit to the conveyor. With 
necessary valves this pump can also serve other 


needs, such as pumping water out of the tank for 
cleaning or for repairs to submerged equipment. 

Water dumps are not generally advised because 
of problems in keeping the water sterile and free 
from trash. Without a controlled fungicide level, 
the water soon becomes a source of infection for 
decay. 

Automatic machines for unstocking filled pallet 
boxes for entry to a box dumper and for restock- 
ing the empty boxes as they exit from the dumper 
significantly reduce the workload of forklift trucks 
and the drivers. The cost of the unstacker and re- 
stacker for boxes stacked four high totals approxi- 
mately $8,000 including automatic controls. The 
dumper also should have automatic controls when 
the unstacker and restacker are used with it. Table 
12 shows the reduction in time when a forklift 
truck has an automatic unstacker and restacker. 

Such a unit will pay for itself if it reduces the 
need for forklift trucks by one or more. If no re- 
duction in number of forklift trucks is made pos- 
sible, the “unstacker-restacker” becomes a 
convenience rather than an economy. 

The length of the entry and exit conveyors for 
a pallet-box dumper should provide space for 
enough boxes so as not to force stoppage of the 
dumper for lack of forklift-truck service in nor- 
mal circumstances. With the number of forklift 
trucks planned for the desired dumping rate and 
given plant layout, the possible variability in time 
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Empty box out Raise cradle Raise cradle Cradle Lower, 

and filled box in part way and empty fruit completes travel box empty 


ACTIVITY 

A 


l 

r 

? 

? 

? 



, v , ; v ;:, 

i-“ - 1 



0,045 

0.123 

0.086 

0.536 


0.070 


CYCLE TIME 
0.860 
MINUTE 


(70 pallet boxes 
per hour) 


Emptv box out Raise cradle Fruit empty Holding Lower, 

and filled box in to maximum from box box empty box empty 

? ? T f 


ACTIVITY 

B 


; -T. • 



fill 

0.123 

0.122 


P 07C 

'V : ' ; ' ■' 

: VV;' : ' 


I--:;';- 

uJLL - 


CKjLt HMt 
MINUTE 

(117 pallet boxes 
per hour) 


Figure 25. Use of dumper : A, To regulate flow of fruit to packing line in element “raise cradle and empty fruit,” in 
addition to dumping; B , to dump mainly. Note greater cycle time for (A) when dumper cradlo cannot bo lowered 
promptly for next cycle. 


Table 12. Reduction in time when forklift truck has automatic unstacker arid restackev at box dumper 

for specified activities 





Forklift time per cycle 



Activity 

Travel 

Unstack and staok 

Without With 

automatic automatic 
equipment equipment 

Total 

Without With 

automatic automatic 
equipment equipment 

Reduction 

with 

automatio 

equipment 

Supply box dumper with boxos of 
fruit from degreening room (80 
ft. one way) and unstack boxes 

Minutes 

Minutes 

Minutes 

Minutes 

Minutes 

M/wutes Percent 

stacked two high at dumper.-- 
Empty boxes from box dumper to 
holding area (80 ft. one way) 
and stack boxes two high at 

0. 727 

0. 830 

0. 393 

1. 557 

1. 120 

0. 437 28 

dumper _ 

. 674 

1. 095 

. 356 

1. 769 

1. 030 

. 739 42 


of forklift trips should be considered. It is sug- 
gested that space be provided on the conveyors for 
at least three times the number of boxes to be 
dumped per minute. 

In grove and transport operations the pallet- 
box system uses part of the equipment usually 
available in the field-box system, principally goat 


trucks and flatbed semitrailers. For additional 
equipment, see tables 14 and 18. 

Straddle-trailer handling of pallet boxes be- 
tween grove and packinghouse is used by one large 
cooperative in Florida. An outstanding feature of 
this trailer (fig. 26) is very rapid pickup and re- 
lease of the entire load. A straddle trailer is nor- 
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iruilly never uncoupled from the highway tractor 
as is done with semitrailers. To utilize this rapid 
turn-around capability, it is essential to have a 
very high volume of fruit near enough to the 
packinghouse so that the straddle trailer can make 
many round trips daily. Used at full capacity on 
hauls of optimum distance a straddle trailer can 
be very economical. Used at partial capacity and 
over unsuitable distances it loses its economic 
advantage. 

The investment cost is high for a complete 
straddle-trailer unit, which includes the highway 
tractor — about $30,000. Scheduling must be accu- 
rate for each unit in use to eliminate delay, such 
as a load not being ready as the straddle trailer 
arrives at the pickup point. This presents a con- 
siderable challenge in view of the variables 
involved in citrus harvesting and handling. 

For semitrailers, scheduling is needed, but ac- 
curacy will not be so critical as for straddle 
trailers. Some variation in loads being ready at 
transfer points will not necessarily affect all the 
equipment serving a picking crew. 

The coupling or uncoupling of a semitrailer and 
a highway tractor can be done quickly — possibly 
2 to 3 minutes longer than for picking up or re- 
leasing a load with a straddle trailer. However, 


multiple semitrailers are used to move filled and 
empty boxes between transfer point and packing- 
house. 

Those making decisions about new equipment 
will naturally take flatbed semitrailers and the 
compatible highway tractor equipment as a basis 
in appraising the desirability of straddle-trailer 
units. Three semitrailers and one highway tractor 
currently require an investment no greater, and 
possibly less, than one complete straddle-trailer 
unit. 

Cost analysis indicated that savings are possible 
with the straddle trailer, relative to the flatbed 
semitrailer, when the one-way haul distance is less 
than 11 miles. At 5 miles the savings would be 
about 2.8 cents per field-box equivalent. The 
amount increases as the haul distance decreases. 

The decision as to whether straddle trailers will 
be more desirable than semitrailers involves sev- 
eral factors that may differ somewhat for each 
firm, Weight given to the same factor may also 
differ between management groups. The distance 
of haul and the rate of picking will usually be of 
greatest importance. As haul distance becomes 
shorter, any saving in pickup and release time has 
greater meaning in the overall productivity of the 
operation. Also a picking rate sufficient to avoid 
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I'igube 28, — Straddle trailer at grove transfer point. 
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waiting for loads with a unit such as a straddle 
trailer is necessary to realize its capacity. 

The quantity of fruit that can be hauled per day 
for given distances is shown for a straddle trailer 
and for semitrailers in figure 27. 

Mod i ficd-B ulk System 

The term “hybrid” is descriptive of this system 
since it is essentially a full-bulk operation from the 
picker through unloading at the packinghouse and 
in the packinghouse it is a pallet-box operation. 

The modified-bulk system requires that fruit be 
transferred from one container to another five 
times more than in the other three systems. Con- 
tainer here refers to goat trucks and semitrailers 


as well as baskets and boxes. There is normally a 
relationship between the number of times fruit 
is transferred from one container to another and 
mechanical injury to the fruit. A chock of one 
such system using indicator papers (8) and fruit 
sampling indicated that if equipment is suitably 
padded, baffled, and not overloaded, any increase 
in mechanical damage is far less serious than 
damage commonly caused by delayed handling, 
low humidity during degreoning or holding, or 
excessive ethylene levels in degreoning rooms. 

The same grove and transport equipment may 
be used whether the fruit is designated for fresh 
use or for processing. This feature is important 
relative to the total equipment investment required 
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of a firm. It reduces the amount of investment 
as compared to handling fresh fruit differently 
from fruit to be -processed. On the other hand, 
the quality of fresh fruit depends on the manage- 
ment and efficiency of harvesting crews. The temp- 
tation to overload trucks (10 boxes per foot of 
trailer is maximum), let sand get into loader 
baskets, and fail to sweep out trucks is often 
irresistible. 


At tshe packinghouse the modified- bulk system 
provides the same special adaptability for presiz- 
ing and pregrading as does the full-bulk system. 
Also, identifying and separating lots of fruit, 
regardless of the quantity in each, are facilitated 
by this system as in the pallet-box system. The 
specialized hin structure, part of the full-bulk sys- 
tem, is not needed. 
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APPENDIX 


Table 13. — Estimated annual costs oj equipment for picking-to-packing-line handling of citrus for systems 

(based on 1967 costs) 


Fixed costs 


Equipment 


Bucket elevator on used truck 

Conveyor with motor, 3 by 40 feet, 

truck to presizer 

Conveyor with motor, 3 by 50 feet, 

truck to presizer 

Conveyor with motor, 2 by 100 feet. 

Crew truck 

Degreening bin— bulk fruit 

(1,000-box capacity) 3 

Degreening room— field boxes 

(1,000-box capacity) 4 

Degreening room — pallet boxes 

(1,000-box capacity) 5 

Empty field-box conveyor 

Field box (2,23 bu.) 

Field-box dumper installation 

Forklift truck 

Goat truck, flatbed 

Goat truck with drag chain 

Grove carts, 2 wheel (25-box 

capacity) 

Grove tractor with light 

hydraulic lift 

"Hi-lift” goat truck with boom- 

type loader 

Pallet box (10-box capacity) 

Pallet-box dumper installation 

Pallet-box filling device (in 

packinghouse) 

Presizer with motor, 200-box-per- 

hour capacity 

Presizer with motor, 400-box-per- 

hour capacity 

Presizer with motor, 600-box-per- 

hour capacity 

Semitrailer, bulk body 

Semitrailer, flatbed.. 

Semitrailer, grove cart transport... 
See footnotes at end of table. 


Replace- 
ment cost 

Salvage 

value 

Service 

life 

(years) 






Depreci- 

ation 

Li- 

censes 

Insurance 
and 
taxes 1 

Inter- 
est 2 

Total 

$2, 500 

0 

8 

$312 

$25 

$75. GO 

$70. 00 

$482. 00 

2, 000 

0 

10 

200 

0 

60. OO 

r>5. oo 

315. 00 

2, 500 

0 

10 

250 

0 

75. OO 

09. 00 

394. 00 

2, 400 

0 

10 

240 

0 

72. OO 

60. 00 

378. 00 

3, 600 

$360 

8 

405 

05 

108. OO 

109. 00 

087. 00 

10, 578 

0 

20 

520 

0 

317. OO 

278. 00 

1, 124, 00 

5, 040 

0 

20 

252 

0 

151. OO 

132. 00 

535. CIO 

2,400 

0 

20 

120 

0 

72. OO 

63. 00 

255. 00 

4, 000 

0 

10 

400 

0 

120. OO 

no. oo 

030. 00 

3 

0 

3 

1 

0 

. OO 

. 10 

1. 19 

5, 000 

0 

10 

500 

0 

150. Of) 

138. 00 

788. 00 

5, 500 

550 

8 

619 

0 

165. OO 

167. 00 

051. 00 

3, 500 

350 

8 

394 

65 

105. OO 

106. 00 

670. 00 

3, 800 

380 

8 

428 

05 

114. OO 

115. 00 

722. 00 

250 

0 

15 

17 

0 

8. 00 

7. 00 

32. 00 

2, 500 

250 

8 

281 

0 

75. OO 

70. 00 

432. 00 

8, 200 

18 

5, 000 

820 

0 

0 

G 

6 

10 

1, 230 

3 

500 

65 

0 

0 

246. OO 
. 54 
150. OO 

256. 00 
. 52 
138. 00 

1, 707. 00 

4. 06 
788. 00 

3, 000 

0 

10 

300 

0 

90. 00 

82. 00 

472. 00 

2, 600 

0 

10 

260 

0 

78. OO 

72. 00 

410. 00 

3, 400 

0 

10 

340 

0 

102. 0() 

94. 00 

535. 00 

4, 100 

5, 600 

5, 100 

2, 000 

0 

560 

510 

200 

10 

12 

12 

10 

410 

420 

382 

180 

0 

175 

175 

25 

123. 00 

108. OO 

153. 00 

60. 00 

113. 00 
104. 00 
150. 00 

60. 00 

046. 00 
027. Of) 
860. 00 
325. 00 
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Table 13 . — Estimated annual costs of equipment for picking-to-packing-line handling of citrus for ^ systems 

(based on 1967 costs ) — Continued 



Replace- 
ment cost 

tSalvage 

value 

Service 

life 

(years) 



Fixed costs 



Equipment 

Depreci- 

ation 

Li- 

censes 

Insurance 
and 
taxes 1 

Inter- 
est 2 

Total 

Semitrailer tractor. 

$7,500 

$750 

8 

$844 

$150 

$225. 00 

$227. 00 $1 

, 446. 00 

Tractor forklift 

7,200 

720 

6 

1,080 

0 

216. 00 

225. 00 4 

, 521. 00 

Trailer to transport wire baskets - 
Truck to transport grove tractor 

465 

0 

12 

39 

38 

14. 00 

13. 00 

84. 00 

forklift 0 

Wire picking basket (10-box 

1,250 

125 

8 

141 

33 

38. 00 

38. 00 

250. 00 

capacity)..- 

69 

0 

8 

9 

0 

2. 00 

% 00 

13. 00 


1 Estimated at 3 percent of replacement cost. 

* Calculated at 5 percent of average values at beginning 
of first and last year of service life. 

3 Construction cost per 1,000-box capacity =$7,721 (II, 

P-S4). 

1 Construction cost per 28- by 30-foot room or 840 


square feet at $6 per square foot (table 11) = $5,040 per 
1,000-box capacity. 

fi Construction cost per 28- by 30 -foot room or 840 
square feet at $7 per square foot (table 11)^-2.450= $2,400 
per 1,000-box capacity. 

6 One-half of fixed cost applied to harvesting operation. 


Table 14. — Field-box system: Estimated annual fixed costs jor picking-to-packing-line handling of oranges 

at 3 weekly volumes 


Equipment 

Fixed 

Units required and fixed costs at weekly volume 
of — * 

cost 

per 

unit 

8,000 boxes 

16,000 boxes 

24,000 boxes 

Units 

Costs 

Units 

Costs 

Units 

Costs 

Automatic field-box dumper. 

$788. 00 

1 

$788 

1 

S788 

1 

$788 

Gamp-lift truck 

951. 00 

1 

951 

2 

1, 902 

3 

2, 853 

Crew truck ___ 

687, 00 

1 

687 

2 

1, 374 

3 

2, 061 

Degrcening room, 1,000-box capacity 

535. 00 

4 

2 ; 140 

8 

4, 280 

12 

6, 420 

Empty -box conveyor 

030. 00 

1 

630 

I 

630 

1 

630 

Field boxes 

1. 19 

5, 600 

6, 664 

11, 200 

13, 328 

16, 800 

19, 992 

Goat truck.. __ 

670. 00 

3 

2, 010 

6 

4, 020 

9 

6, 030 

Semitrailer, flatbed 

860. 00 

3 

2, 580 

6 

5, 160 

9 

7,740 

Semitrailer tractor 

1,446.00 

1 

1, 446 

2 

2, 892 

3 

4,338 

Totnl- 



17, 896 _ 


34, 374 - 


50, 852 
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Table Id. — Field-box system: Direct labor and equipment costs for j)icking-to-packing-lme handling of 

oranges at 3 weekly volumes 


Labor and equipment 


Hours 


Piece 

per 

Rate 

rate 

1,000 

per 

per 

boxes 

hour 

box 


Cost per 1,000 boxes at 
weekly volume of — 


8,000 16,000 24,000 

boxes boxes boxes 


Labor: 

Picking foreman 

Pickers 

Loaders 

Semitrailer-tractor driver. 

Receiving foreman 

Receiving helper 

Clamp-lift truck operators 

Box-dumper operator 

Empty-box handler 

Payroll taxes, insurance., , 


6 . 6 


5. 0 

1 5 . 0 

2 5. 6 
5. 0 

1 5. 0 
5. 0 


$2. 69 

$0. 285 

. 054 

1. 50 

1. 50 

1. 15 

1. 30 

L 30 

1, 15 


$15. 06 

$15. 00 

285. 00 

285. 00 

54. 00 

54. 00 

7. 50 

7. 50 

7. 50 

3. 75 

6. 44 

3. 22 

6. 50 

6. 50 

G. 50 

3. 25 

6. 44 

6. 44 

35. 54 

34. 62 


$15. 06 
285. 00 
54. 00 
7. 50 
2. 50 
2. 16 
0. 50 
2. 17 
0. 44 
34. 32 


Total 


430. 48 419. 34 415. 64 


Equipment: 


Crew truck 

5 0 

40 

9 no 

2. 00 

10. 65 

3. 00 

9. 25 

4. 10 

2. 00 

Goat truck 

15. 0 

71 

z. UU 

in a k 

Semitrailer, flatbed ,, 

Semitrailer tractor..^ 

Clamp-lift truck 

Degreening room „ 

15. 0 

5. 0 

5. 0 

.20 

1. 85 

.82 

lU. 00 

3.00 

9. 25 

4. 10 

10. uO 

3. 00 
9. 25 

4. 10 

Field boxes i 



It UO 

o OQ 

1. 58 

o do 

1. 58 

Automatic field-box dumper. 

Empty-box conveyor 

1 5. 0 

5. 0 

, 32 

. 19 

o, Za 

1.60 

.95 

6. 28 
. 80 
. 95 

3. 28 
. 03 
. 95 

Total 



Q A /II 






---- OU, 41 

35. 61 

35. 34 

Total labor and equipment- 



466. 89 

454. 95 

450. 98 


' Estimated at 5 hours per 1,000 boxes for 8,000 boxes 
weekly, 2.5 hours for 16,000 boxes, and 1.67 hours for 24,000 
boxes. ' 

2 Estimated at 5.6 hours per 1,000 boxes for 8,000 boxes 
weekly, 2.8 hours for 16,000 boxes, and 1.87 hours for 
24,000 boxes. 


3 Maintenance oost per 1,000 boxes estimated at 2 per- 
cent of replacement cost. 

4 Maintenance cost per 1,000 boxes estimated at 5 per- 
cent of replacement cost. 
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able 16 . — Full-bulk system: Estimated annual Hxed costs far pieking-to-packing-line handling of oranges 

at 3 weekly volumes 


Units required and fixed costs at weekly 
Fixed volume of — 

Equipment cost — 

per unit 8,000 boxes 16,000 boxes 24,000 boxes 


Units Costs Units Costs Units Costs 


row truck 

$687 

1 

$687 

2 

$1, 374 

3 

$2, 061 

ight grove tractor with hydraulic lift... - 

432 

3 

1,296 

6 

2, 592 

9 

3, 888 

irove carts, 2 wheel (25-box capacity) 

32 

12 

384 

24 

768 

36 

1, 152 

Bmitrailer, cart transport - 

325 

1 

325 

1 

325 

1 

325 

•oat truck, flatbed 

670 

1 

670 

2 

1, 340 

3 

2, 010 

smitTailer, bulk body. 

927 

3 

2, 781 

6 

5, 562 

9 

8, 343 

smi trailer tractor 

1,446 

1 

1,446 

2 

2,892 

3 

4, 338 

ucket elevator, truck mounted 

482 

1 

482 

2 

964 

3 

1, 446 

nloading conveyor and motor, 3 by 40 feet 

315 

1 

315 

0 

O 

0 

0 

nloading conveyor and motor, 3 by 50 feet.. - 

394 

0 

0 

1 

394 

1 

394 

resizer, 200 boxes per hour- __ 

410 

1 

410 

0 

0 

0 

0 

resizer, 400 boxes per hour 

536 

0 

0 

1 

536 

0 

0 

resizer, 600 boxes per hour 

646 

0 

0 

0 

0 

1 

646 

ulk degreening bin-- 

1,124 

3.2 

3, 507 

6.4 

7, 194 

9. 6 

10, 790 

onveyor, bin to grader, and motor, 2 feet 

378 

1 

378 

1 

378 

1 

378 

TotaL- 



12,771 - 


24,319 ... 


35, 771 


able 17 . — Full-bulk system: Direct labor and equipment costs for picking-to-packiny-line handling of 

oranges at 8 weekly volumes 


Labor and equipment 


abor: 

Picking foreman 

Pickers 

Tractor drivers 

Semitrailer-tractor driver. 
Receiving foreman — 

Receiving operators 

Payroll taxes, insurance - - 

Total 


Hours 

per Rate 

1,000 per 

boxes hour 


5. 6 $2. 69 


15. 0 1. 30 

5. 0 1. 60 

i 5. 0 1. 50 

2 10. 0 1. 15 


Piece 

rate 

per 

box 


$0. 286 


Cost per 1,000 boxes 
at weekly volume of — 


8,000 

boxes 

16,000 

boxes 

24,000 

boxes 

$15. 06 

$15. 06 

$15. 06 

285. 00 

285. 00 

285. 00 

19. 50 

19. 50 

19. 50 

7. 50 

7. 50 

7. 50 

7. 50 

3. 75 

2. 50 

11. 50 

5. 75 

3.83 

31. 15 

30. 20 

30. 01 


377.21 366.85 363.40 


See footnotes at end of table. 
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Table 17. — Full-bulk system: Direct labor and equipment costs for picking-to-packing-line handling of 

oranges at 3 weekly volumes — Continued 


Labor and equipment 


Hours 


Piece 

per 

Rate 

rate 

1,000 

per 

per 

boxes 

hour 

box 


Cost per 1,000 boxes 
at weekly volume of — 


8,000 10,000 24,000 

boxes boxes boxes 


Equipment: 

Crew truck 5. 0 

Goat truck, flatbed 1 5. 0 

Light grove tractor with hydraulic lift 15. 0 

Grove carts, 2 wheel (25-box capacity) 3 

Semitrailer tractor 5, 0 

Semitrailer, bulk body 15. 0 

Bucket elevator, truck mounted 5. 0 

Unloading conveyor and motor 5. 0 

Presizer 5. 0 

Bulk degreening bin 1 

Conveyor, bin to grader and motor 5. 0 


$.40 

$2. 00 

$2. 00 

$2. 00 

.31 

1. 55 

. 78 

, 52 

.57 

8. 55 

8. 55 

8. 55 


. 60 

. 60 

. 00 

1. 85 

9. 25 

9. 25 

9. 25 

.22 

3. 30 

3. 30 

3. 30 

.50 

2. 50 

2. 50 

2. 50 

. 12 

. 60 

. 00 

. GO 

. 13 

. 65 

. 05 

. 65 


5. 29 

5. 29 

ft. 29 

.125 

. 62 

. 02 

. 62 


Total 


34. 91 34. 14 33. SB 


Total labor and equipment 


412. 12 400. 99 397. 2 B 


1 Estimated at 5 hours per 1,000 boxes for 8,000 boxes 
weekly, 2.5 hours for 10,000 boxes, and 1.67 hours for 

24,000 boxes. 

2 Estimated at 10 hours per 1,000 boxes for 8,000 boxes 
weekly, 5 hours for 16,000 boxes, and 3.33 hours for 


24,000 boxes. 

3 Maintenance cost per 1,000 boxes estimated at ft 
percent of replacement cost. 

1 Maintenance cost per 1,000 boxes estimated at 4 
percent of replacement cost. 


Table 18. Pallet-box system: Estimated annual fixed costs for pickiny-to-packiny-line handling of oranges 

at 3 weekly volumes 


Units required and fixed costs at weekly volumo of — 
„ . Fixed 

Equipment cost 8,000 boxes 16,000 boxes 24,000 boxes 

per unit — „ . 

Units Costs Units Costs Units Coata 


Crew truck 

nn 




$1, 374 


$2, 081 

Tractor forklift 

1 nn 

1 

$687 

1, 521 
722 
250 

2 

3 

Goat truck with drag chain 

Truck for tractor forklift 

Pallet boxes- 

722.00 

250. 00 

a nn 

-l 

1 

1 

2 

2 

2 

3, 042 

1, 444 
500 

3 

3 

3 

4, 503 
2, 100 
750 

Semitrailer, flatbed- 

^r. UO 

Ran nn 

oou 

q 

2, 274 

2, 580 

1 A A £1 

1, 120 

4, 547 

1, 680 

6, 821 

Semitrailer tractor. _ 

1 nn 

o 

6 

5, 160 

9 

7, 740 

Forklift truck 

OKI nn 

I 

1, 446 

1, 902 

1, 020 
788 

2 

2, 892 

3 

4, 338 

Degreening room (1,000-box capacity) 
Pallet-box dumper- 

255. 00 
788. 00 

2 

4 

1 

2 

8 

1 

1, 902 

2, 040 
788 

3 

12 

1 

2, 853 
3,000 
788 

Total 



1 q i nn 








io, iyu 


23, 689 __ 


35, 140 
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Table 19 . — Pallet-box system: Direct labor and equipment costs for picking-to-packing-li?ic handling of 

oranges at 3 weekly volumes 


Labor and equipment 


Hours per 
1,000 Rate per 
boxes hour 


Piece 
rate per 
box 


Cost per 1,000 boxes at weekly 
volume of — * 


8,000 16,000 24,000 

boxes boxes boxes 


Labor: 


Picking foreman 

5. 6 

$2. 69 

$15. 06 

$15. 06 

$I5» 

06 

Pickers __ __ _ _ 


SO. 285 

285. 00 

285. OO 

285. 

00 

Tractor-forldift operator 

5. 0 

L 30 

6. 50 

G. 50 

6. 

50 

Goat-truck driver 

5. 0 

1. 15 

5. 75 

5. 75 

5. 

75 

Semitrailer-tractor driver 

5. 0 

L 50 

7. 50 

7. 50 

7. 

50 

Receiving foreman 

1 5. 0 

1. 50 

7. 50 

3. 75 

2. 

50 

Forklift-truck operators 

2 io, 0 

1. 30 

13. 00 

6. 60 

6. 

50 

Pallet-box dumper operator^- - 

1 5. 0 

1. 30 

6. 50 

3. 25 

2. 

17 

Payroll taxes, insurance 



31. 21 

30. 00 

29. 

79 


Total 378.02 363.31 360.77 


Equipment: 

Crew truck 5.0 

Goat truck with drag chain 5. 0 

Tractor forklift 5.0 

Pallet boxes 3 

Semitrailer, flatbed — 15. 0 

Semitrailer tractor 5. 0 

Forklift truck 2 10. 0 

De greening room 3 

Pallet-box dumper 1 6. 0 


. 40 
. 73 
1. 26 


. 20 
1- 85 
. 82 


. 32 


2 , 00 
3. 65 
6. 30 
1.97 
3. 00 
9. 25 
S. 20 
. 75 
1.60 


2 . 00 
3. 65 
6. 30 
1. 97 

3. 00 
9. 25 

4. 10 
. 75 
. 80 


% 00 
3. 65 
6. 30 
1. 97 

3. 00 
9. 25 

4. 10 
. 75 
. 53 


Total 

Total labor and equipment 


36. 72 31. 82 31. 55 

414. 74 395. 13 392. 32 


1 Estimated at 5 hours per 1,000 boxes for 8,000 boxes 
weekly, 2.5 hours for 16,000 boxes, and 1.67 hours for 

24,000 boxes. 

1 Estimated at 10 hours per 1,000 boxes for 8,000 boxes 


weekly and 5 hours for 16,000 or 24,000 boxes weekly. 

3 Maintenance cost per 1,000 boxes estimated at 5 per- 
cent of replacement cost. 
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Table 20 —Modified-bulk system: Estimated annual fixed costs for picHng-to-paclcing-line handling of 

oranges at S weekly volumes 


Equipment 


Crew truck 

"Hi-lift” goat truck with boom-type loader. 

Trailer for picking-basket transport 

Wire picking baskets (10-box capacity) 

Semitrailer, bulk body 

Semitrailer tractor 

Unloading conveyor, 3 by 40 feet 

Unloading conveyor, 3 by 50 feet 

Presizer, 200 boxes per hour 

Presizer, 400 boxes per hour 

Presizer, 600 boxes per hour 

Pallet-box filling device 

Pallet-boxes (10-box capacity) 

Forklift truck 

Degreening room (1,000-box capacity) 

Pallet-box dumper 


Units required and fixed costs at weekly 


cost 

per unit - 

8,000 boxes 

16,000 boxes 

24,000 boxes 

Units 

Costs 

Units 

Costs 

Units 

Costs 

.. $687,00 

1 

$687 

2 

$1, 374 

3 

$2, 061 

- 1,797.00 

1 

1, 797 

2 

3, 594 

3 

5, 391 

84.00 

1 

84 

2 

168 

3 

252 

13. 00 

20 

260 

40 

520 

60 

780 

- 927. 00 

3 

2, 781 

6 

5, 562 

9 

8, 343 

- 1, 446. 00 

1 

1, 446 

2 

2, 892 

3 

4, 338 

- 316. 00 

1 

315 

0 

0 

0 

o 

- 394. 00 

0 

0 

1 

394 

1 

394 

- 410. 00 

1 

410 

0 

0 

0 

o 

- 636. 00 

0 

0 

1 

530 

0 

0 

- 646. 00 

0 

0 

0 

0 

1 

G4G 

- 472. 00 

1 

472 

1 

472 

1 

472 

4. 06 

480 

1,949 

960 

3, 898 

1, 440 

5, 846 

- 951. 00 

2 

1, 902 

2 

1, 902 

3 

2, 853 

255. 00 

4 

1, 020 

8 

2,040 

12 

3, 000 

788. 00 

1 

788 

1 

788 

1 

788 



13,911 .. 


24, 140 


35, 224 


Total 



51 


MODERNIZING HANDLING SYSTEMS FOR FLORIDA CITRUS 

Table 21.— ModUed-bulk system: Direct labor and equipment costs jor picking-io-packing-line handling 

of oranges at S weekly volumes 


Hours 

per 

Labor and equipment 1,000 

boxes 


Rate 

per 

hour 


Piece 

rate 

per 

box 


Cost per 1,000 boxes at 
weekly volume of — 


8,000 

boxes 


16,000 

boxes 


24,000 

boxes 


Labor: 

Picking foreman 

Pickers 

Bulk goat-truck driver 

Semitrailer-tractor driver. . _ 

Receiving foreman 

Fruit receiver 

Pallet-box filler operator 

Forklift- truck operators 

Pallet-box dumper operator. 
Payroll taxes, insurance 


5 , 6 


5. 0 
5 , 0 
i 5. 0 
* 5 , 0 
1 5. 0 
3 10 . 0 
1 5. 0 


$2.69 

$0,286 

1. 30 - 

1.50 

1. 50 

1. 15 

1.30 

1.30 

1. 30 


$15. 06 
285. 00 

6. 50 

7. 50 
7. 50 

5. 75 

6. 50 
13. 00 

6.50 
31. SO 


$16. 06 
285. 00 

6. 50 

7. 50 
3. 75 
2 . 88 
3. 25 
6. 50 
3. 25 

30. 03 


Total 


385. 11 363. 72 


$15. 06 
285. 00 
0. 50 
7. 50 
2. 50 
3. 83 
2. 17 
6. 50 
2. 17 
29.81 


361. 04 


Equipment: 

Crew truck 

Pallet boxes 1 * * 4 

Wire picking baskets 4 — 

“Hi-lift” goat truck with boom-type loader 

Semitrailer, bulk body 

Semitrailer tractor 

Trailer for picking-basket transport 4 

Unloading conveyor 

Presizer 

Pallet-box filling device 4 

Forklift truck - 

Pallet-box dumper - 

De greening room fi 


5 0 .40 2. 00 2. 00 

1. 69 1. 69 

.27 . 27 

5, 0 1.55 7.75 7.75 

15, o ,22 3, 30 3. 30 

fi! 0 1. 85 9* 25 9. 25 

.09 .09 

’"TO . 12 .60 .60 

5. 0 .13 *65 .65 

.59 .59 

s io. 0 . 82 8. 20 4. 10 

i 6. 0 .32 1. 60 .80 

i 75 .75 


Total 


36. 74 31. 84 


Total labor and equipment. 


421. 85 395. 56 


2. 00 
1. 69 
.27 
7. 75 
3. 30 
9. 25 
.09 
. 60 
. 65 
, 59 
4. 10 
. 53 
. 75 


31. 67 
392. 01 


1 Estimated at 5 hours per 1,000 boxes for 8,000 boxes 
weekly, 2.6 hours for 16,000 boxes, and 1.67 hours for 

24,000 boxes. 

a Estimated at 5 hours per 1,000 boxes for 8,000 boxes 
weekly, 2.5 hours for 16,000 boxes, and 3.33 hours for 

24,000 boxes. 


a Estimated at 10 hours per 1,000 boxes for 8,000 boxes 
weekly and 5 hours for 16,000 or 24,000 boxes weekly. 

4 Maintenance cost per 1,000 boxes estimated at 5 
percent of replacement cost. 

fi Maintenance cost per 1,000 boxes estimated at 2 
percent of replacement co3t. 
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Table 22, —Summary of activities for field-box system 


Activity 1 


Operations ( Q ) 

Transportation ( r~\ ) by- 

Man __ 

Hand-damp truck 

Semitrailer tractor 

Goat truck 

Dumper drag chain 

Conveyor to line 

Conveyor, empty box__ 

Delays ( [) ) 

Storages ( V7 ) 

Inspections ( Q ) 


Total 

occurrences 


Distribution of total occurrences 
by specified number of field-box 
equivalents per occurrence 


1 2 4 


60 360 


2 16 
12 

3 
2 
2 

3 2 
1 
1 
1 

4 

< 2 
0 



b„* to handling picking bag to box and 

3 °T'r: ng incll,cJed in total only; rooms vary widely in capacity 
Distributing empty boxes from moving goat truck included in operations 

did«, S n“K" "“ a “ U “ '» Clrthtobl, tor 


Table 23. —Summary of activities for full-bulk system 


Activity 1 


Operations ( Q ) 

Transportation ( fl ) by- 

Man r_ 

Cart tractor 

Vertical elevator 

Semitrailer tractor 

Conveyor to bins 

Conveyor to line 

Delays ( Q ) 

Storages ( ) 

Inspections ( [J ) 


Total 

occur- 


Distribution of total occurrences 
by specified number of field-box 
equivalents per occurrence 



1 

25 

325 

J 11 

2 

4 

2 

12 

2 

3 

7 

1 

1 



2 


2 


2 


1 

1 

2 



2 

4 



A. 

1 

1 


rt 

3 


1 

2 

0 




3 1 


» Include presizing, degreening, and bin unloading in total only. 

regrading; does not regularly occur by specified number of field-box equivalents. 



MODERNIZING HANDLING SYSTEMS FOR FLORIDA CITRUS 


53 


Table 24. — Summary oj activities Jor pallet-box system 


Activity 1 


Distribution of total occurrences 
Total by speoified number of field-box 
oocur- equivalents per occurrence 

rences 

1 10 20 40 360 


Operations (O) - 

Transportation ( ) by — 

Man 

Tractor forklift 

Forklift truck 

Semitrailer, 

Dumper conveyor 

Conveyor to line 

Delays ( D ) 

Storages ( \f ) 

Inspections (Q ) 


3 16 2 2 11 

12 2 2 4 2 2 

1 1 

3 2 2 

4 4 

2 2 

2 2 

1 1 

4 l 3 

*2 1 


0 


1 Fruit transferred twice in picking-to-packing-llno handling — picking bag to box and 
box to packing line. Presizing and presorting fruit would require 2 additional transfers. 

3 Degreening included in total only. 

3 Placing boxes for pickers included in operations. 

4 Of two occurrences, one depends on capacity of empty-box storage and other is per 
semitrailer load of empty boxes near grove, 


Table 25 . — Summary of activities for modified-bulk system 


Activity 1 


Distribution of total occurrences 
Total by specified number of field-box 
occur- equivalents per occurrence 

rences — — — 

1 10 20 30 70 325 


Operations ( 0 ) - 

Transportation ( FT ) by — . 

Man 

Bulk goat truck 

Semitrailer,, 

Empty-basket trailer,,. 
Conveyor to box filler, . 

Forklift truck 

Dumper conveyor 

Conveyor to line 

Delays ( D ) 

Storages ( ) 

Inspections (Q ) 


3 21 2 3 8 2 2 2 

18 1 4 3 1 4 6 

1 1 - - 

5 1 — - 4 

2 2 

1 1 

3 - 3 

3 3 

2 2 - 

1 1 

3 1 - 2 

4 2 1 l 

3 1 - 


4 Fruit transferred 5 times in pieking-to-packing-line handling-— bag to basket, basket 
to bulk goat truck, goat truck to semitrailer, semitrailer to pallet box, pallet box to packing 
line. 

2 Degreening and presizing included in total only. 

3 Pregrading; does not regularly occur by specified number of field-box equivalents. 
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Fioubb 28.— Decay resulting from injury when tangerines in both field boxes and pallet boxes 

to packinghouse on same truck in several tests, 1961-68. 


were hauled from grove 
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